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INTRODUCTION 
Several decades of research at public plant breeding institutions 
have demonstrated that recurrent selection is an effective method for im­
proving performance of maize (Zea mays L. ) populations for quantitatively 
inherited traits. In spite of this, recurrent selection techniques have 
not become widely used in the private sector as an integral part of maize 
hybrid development programs. 
Two intrapopulation recurrent selection schemes that seem to have 
merit for use in conjunction with hybrid development programs are the 
testcross and selfed progeny systems. Each method has potential advan­
tages. With each system, early generation yield trial evaluations can 
be used to select superior progenies for recombination. Because inbred 
progenies are generated with either system, superior progenies can also 
be included in the breeding nursery for further selfing, selection, and 
production of testcross seed for additional tests of combining ability. 
Selfed progeny selection offers a means of selection for more produc­
tive and vigorous inbred lines, which has become an important objective 
in the era of single-cross hybrids. At the same time, because heterosis 
in maize seems due primarily to additive genetic effects with partial to 
complete dominance, evaluation of selfed progeny has been suggested as a 
valid way of determining general combining ability (GCA). Because of the 
small relationship often observed between inbred and hybrid trait perform­
ance, however, many maize breeders have been reluctant to use selfed prog­
eny performance as an indicator of combining ability. Testcross selection 
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is advantageous for testing early generation combining ability with de­
sired testers, but places less emphasis on inbred performance per se. 
Another question concerning the two methods of recurrent selection 
regards the usefulness of visual selection prior to yield trial evaluation. 
Visual selection for agronomic and morphological traits may be incorpo­
rated in either method by selecting among and within lines prior to 
yield testing either lines or plant testcrosses. Experimental data 
regarding the impact of such selection on the means and variances of the 
resulting lines or testcrosses have been lacking. 
In 1980, visual selection among and within lines of 'Lancaster 
Composite' was conducted to develop a set of 200 visually selected 
lines. A randomly selected set of 200 lines was also developed, and both 
groups of lines were testcrossed to (B84 x B73). Yield trials of the 
lines per se were conducted in 1981, and their testcrosses were evaluated 
in 1982 and 1983. The primary objectives of this research were: 
(1) to evaluate changes in means and variances of several agronomic 
traits of visually selected lines and their testcrosses, relative 
to a- randomly selected sample; 
(2) to determine whether lines and line testcross progeny perform­
ance gave similar information regarding the combining ability of 
plants; and 
(3) to use the randomly selected progenies to estimate quantitative 
genetic parameters of Lancaster Composite. 
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LITERATURE REVIEW 
Comparative Studies of Selfed Progeny 
and Testcross Selection Methods 
Highly productive single-cross hybrids are used to plant almost all 
maize (Zea mays L.) acreage in the United States today. The maize breeder 
is thus confronted with the problem of developing inbred lines that are 
vigorous enough to serve as parents of single-cross hybrids and at the 
same time have excellent hybrid yield in combination with other elite in-
breds. Additionally, the hybrids developed from such inbred lines must 
have acceptable agronomic qualities, such as low grain moisture at harvest 
and resistance to insects, diseases, root lodging, and stalk lodging. 
Isolation of outstanding inbreds that can meet these objectives requires 
that the breeder have available elite germplasm sources. A highly desir­
able breeding system would be one which would allow for isolation of supe­
rior inbred lines per se, capable of imparting superior performance to 
their hybrids, and also which would permit a continual improvement of the 
germplasm source from which the inbreds were derived. A final desirable 
quality of the system would be that it accomplish these objectives in the 
shortest time and with the least expenditure of resources. 
Many intrapopulation recurrent selection schemes have been devised 
which can be successfully used for population improvement. Choice of a 
proper scheme is not always clear, however. Intrapopulation methods in­
clude phenotypic, half-sib, full-sib, and inbred progeny recurrent selec­
tion. Many studies have been conducted in attempts to determine the rela­
tive merits of these schemes. The best method to use will be dependent 
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upon many factors, such as the trait or traits under selection, type of 
gene action, availability of off-season nurseries, and the adaptability of 
the method for generating useful inbred lines. For many traits undergoing 
selection in a maize breeding program, heritabilities are low, necessitat­
ing some type of progeny test. 
In recent years, studies have been conducted to compare two particu­
lar intrapopulation improvement schemes, the testcross (or half-sib) and 
the selfed progeny methods. The testcross method is a commonly used one 
in maize breeding, and many variations of it exist. Basically, plants are 
crossed to a common tester parent to produce testcross progenies which are 
then evaluated in replicated yield trials. Selections for recombination 
are made on the basis of the testcross progeny means. Variations of the 
testcross plan exist as to level of inbreeding of plants at the time of 
crossing to the tester, type of tester used (e.g., related or unrelated, 
broad or narrow-based, inbred or noninbred), and type of progenies re-
combined. The selfed progeny method involves self-pollination to produce 
lines. These may be yield-tested directly, or may be screened in 
breeding and pest nurseries for agronomic traits and self-pollinated to 
produce lines for testing. Selections for recombination are made on 
the basis of the S^ or S^ progeny means. 
The first suggestion that selfed progeny per se and testcross selec­
tion methods be compared was apparently made by Hull (1952). He suggested 
that recurrent selection be conducted in "parallel corn stocks" using S^ 
lines, testcrosses to a parental stock [recurrent selection for general 
combining ability (GCA)], and testcrosses to a homozygous tester 
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[recurrent selection for specific combining ability (SCA)], to determine 
which method would be superior. 
One of the earliest reports on the use of inbred progeny recurrent 
selection for yield improvement was that of Center and Alexander (1962). 
They evaluated progeny of plants from several synthetics both as 
lines per se and as testcrosses of the plants to two single-cross 
testers. Evaluations were conducted at three locations in two years. 
lines showed greater variability among progeny means than did the test-
crosses, but the error variance component was of similar magnitude for 
both types of evaluation. In addition, the performance of the lines 
was more consistent over environments than that of the testcrosses, which 
is somewhat contrary to expectation. Greater genetic variability and 
higher heritabilities were present with progeny testing compared to 
testcross progeny evaluation, which would be expected to lead to greater 
progress from selection among lines than among testcrosses. Trait cor­
relations between methods were calculated for tests grown in the same en­
vironment, and showed that performance correlated more closely with 
testcrosses to either tester than did the two testcross types to one an­
other. performance was more closely related to the mean of the two 
testcross types than to either one separately, an indication that per­
formance was a measure of OCA. 
Center (1963) continued the study by conducting two cycles of selec­
tion in two synthetic base populations using both testcross and progeny 
methods. Evaluation of the two methods was based on yield improvement of 
synthetics formed from recombination of selected progenies. Synthetics 
derived from selection were higher yielding than those from testcross 
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selection after each selection cycle in both base populations. Center 
concluded that selfed progeny could be valuable for early testing. Domi­
nance effects decrease with inbreeding because of the increase in homozy­
gosity, so that selfed progeny tests mainly measure the additive genetic 
effects of a plant. Because GCA is due mainly to additive effects of 
genes (Sprague and Tatum, 1942), Center reasoned that early testing of 
selfed progeny could provide a measure both of inbred productivity and CCA. 
Center and Alexander (1956), continuing earlier studies, found that 
lines from both per se and testcross selection methods showed yield 
improvement after two selection cycles; however, line yield improvement 
was 13.5% greater for the per se method than for the testcross method. 
Koble and Rinke (1953) tested random lines from a synthetic as 
lines per se and in testcrosses to both related and unrelated testers. 
Cenotypic and phenotypic correlation coefficients were calculated between 
methods of testing for all traits, and were significant for grain yield, 
grain moisture at harvest, and stalk and root lodging. performance was 
as closely related to either of the testcross methods as were the test-
cross methods to each other. Koble and Rinke concluded that early gener­
ation selfed progeny evaluation might serve as well as testcross evalu­
ation for GCA. 
On a theoretical basis, Comstock (1964) showed that in the absence of 
overdominance, selfed progeny selection would be superior to the mass, 
full-sib, testcross with population tester, and testcross with unrelated 
tester methods for intrapopulation improvement. Selfed progeny selection 
would not be ideal, however, for loci at which overdominance existed. 
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Lonnquist and Lindsey (1964) initiated a series of experiments that 
were continued by Lonnquist and Castro (1967) and Lonnquist (1968). In 
the 1964 study, 169 lines from a Krug synthetic (Kill) were evaluated 
as lines per se and as testcrosses of the lines (S^ plants) to the 
parental population and an unrelated synthetic tester. Lines that ex­
ceeded the mean by at least one phenotypic standard deviation were selec­
ted from all three evaluation procedures. Of the 19 to 25 lines selected 
from each method, only two were in common to all three. New populations 
synthesized from the per se and unrelated tester methods showed signif­
icant yield improvement over the parental population, but no difference 
between the two methods. Phenotypic correlations calculated for grain 
yield and moisture between evaluation procedures were higher between 
performance and either testcross type (related or unrelated tester) than 
between the testcross types themselves, in agreement with Center and 
Alexander (1962) and Koble and Rinke (1963). Evidence from diallel 
crosses of three high- and three low-yield lines from both the line 
and unrelated tester methods indicated the line selection emphasized 
genes with additive effects while testcross selection emphasized genes 
with overdominant effects. 
Lonnquist and Castro (1967) continued studies on gene action with the 
same material. Two high-yield and two low-yield lines were selected from 
the line evaluation procedure, and one high-yield and one low-yield 
line from each of the two testcross procedures. A Design I mating scheme 
was imposed within each of the lines, in which the gene frequency at 
any segregating locus was expected to be 0.5. Results showed that, within 
lines selected from testcross evaluation, more additive than nonadditive 
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variance persisted, while within lines selected from line per se evalu­
ation the reverse was true. The authors considered this an indication 
that selection using selfed progeny per se performance is based mainly on 
additive effects, while selection using testcross performance is based 
more strongly on nonadditive effects. Estimates for average level of dom­
inance were in the overdominance range, but the estimates probably were 
biased due to linkage disequilibrium. 
Additional information on gene action involved in these two selection 
methods comes from the study of Lonnquist (1968). The three highest- and 
three lowest-yielding lines selected from each of three evaluation proce­
dures (S^ line per se, parental tester, and unrelated tester) were crossed 
in all possible combinations to give high-by-high (HH), high-by-low (HL), 
and low-by-low (LL) crosses within and between progeny evaluation methods. 
These crosses were tested with the newly-derived populations of each of 
the evaluation methods and the parental population. Crosses within the 
per se method showed a linear trend, with HL cross yields approximately 
midway between those of HH and LL crosses. Both testcross methods showed 
evidence of nonadditive effects. In the unrelated tester series HL 
crosses outyielded HH crosses, which indicated overdominance. In the pa­
rental tester series, HH crosses outyielded HL crosses, but partial dom­
inance was indicated by HL cross yields nearer to the HH than the LL cross 
yields. The population synthesized from the parental tester procedure 
showed a 15% yield improvement over the parental population, while the 
synthetic populations from the line per se and unrelated tester methods 
showed 4% and no yield improvement relative to the parental population, 
respectively. 
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Duclos and Crane (1968) conducted two cycles of per se and test-
cross evaluation. One hundred twenty-five and testcross progenies 
were produced in the original population and in both the per se and 
testcross-generated CI populations for yield evaluation. lines derived 
from the per se CI were superior to lines from the testcross CI ; 
conversely, testcrosses from the testcross CI population were superior to 
testcrosses from the per se CI. The mean of the lines derived from 
the method, when tested as testcrosses, was not different than the 
mean of CO testcrosses. However, the mean of the lines derived from 
the testcross method was higher than the mean of the CO lines. Both 
methods resulted in yield improvement from the CO to the CI, but no 
improvement from CI to C2 was obtained. 
Burton et al. (1971) evaluated the effectiveness of four cycles each 
of and testcross selection in BSK, a synthetic variety developed from 
'Krug Yellow Dent'. The base (CO) population of BSK and the C2 and C4 
populations from the two selection methods were evaluated as (1) random-
mated populations, (2) selfed populations of bulk lines, (3) all 
possible population crosses, and (4) population testcrosses with four 
single-cross testers. Population yield was increased 16.3% by the 
method versus 6.3% by the testcross method for four cycles of selection; 
similarly, the method increased selfed population yield 38.7% versus 
12.0% for the testcross method. GCA averaged over testers increased 10.6% 
in the series and 5.7% in the testcross series. Crosses of and 
testcross-derived populations showed heterosis, indicating that gene fre­
quencies had diverged due to the two different selection procedures. The 
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authors concluded that "S^ selection per se was equal to or better than 
half-sib selection (double-cross tester) in this population on the basis 
of every comparison made." 
The effects of the two selection methods on genetic variance and 
progeny yield in BSK were evaluated further by Mulamba et al. (1983). One 
hundred unselected lines from each of the BSK CO, BSK testcross-selected 
cycle 8 [BSK(HI)C8], and BSK S^ progeny-selected cycle 8 [BSK(S)C8] popu­
lations were evaluated at four Iowa locations. One hundred unselected S^ 
progeny from a mass-selected cycle 14 population [BSK(M)C14] were also 
included. Relative to the testcross method, the S^ progeny method showed 
decreased genetic variability and heritability estimates for grain yield, 
root lodging, ears per plant, and days to silk. Both progeny selection 
methods reduced genetic variability for grain yield relative to BSK(CO) 
or BSK(M)C14. The S^ progeny and testcross selection methods increased 
S^ yield 70 and 63% from the CO, respectively. Yield increases in both 
methods were accompanied by desirable correlated changes in ears per 
plant, silk date, stalk breakage, and ear height. 
Tanner (1984) compared the effectiveness of the S^ and testcross 
methods in BSK after completion of eight selection cycles. The BSK CO 
population and the C4 and C8 populations from each selection method 
were evaluated as populations per se and as selfed populations. Diallel 
crosses among the populations per se and the diallel crosses selfed were 
also tested, as were testcrosses of the BSK CO, BSK(S)C8, and BSK(HI)C8 
populations to B73, (WF9 x W22), and (Ml4 x B14A). The BSK(S)C4 population 
was significantly higher yielding than the BSK(HI)C4 population, but there 
was no difference between the two C8 populations. After adjustment for 
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genetic drift, genetic gains for grain yield in the populations per se, the 
populations selfed, and in testcrosses were larger from cycles 0 to 4 of 
the BSK(S) method than for the corresponding cycles of the BSK{HI) method. 
Gain was not different between the two methods from cycles 4 to 8, mainly 
because gains for BSK(S) were slightly less and gains for BSK(HI) greater 
than their respective gains from cycles 0 to 4. For both methods, actual 
grain yield gains adjusted for drift were smaller than those predicted. 
line per se and testcross selection using the parental synthetic 
and an unrelated double-cross as testers were compared in a Minnesota 
synthetic by Carangal et al. (1971). One cycle of each selection scheme 
was conducted, and random lines and their testcrosses to a double-cross 
tester were produced from each CI population and evaluated. and test-
cross-selected CI populations produced lines with equivalent yields, 
but testcrosses from the testcross-selected CI population slightly out-
yielded those from the -selected CI population. The -selected CI 
population showed a significant increase in grain yield over the base 
population, while the testcross-selected CI did not. Correlation of trait 
performance from the first cycle was higher between the two testcross types 
than between either testcross type and the lines, in contrast to results 
obtained from some other studies. 
Center (1973) conducted two cycles of and testcross selection in 
two Virginia populations, VCBS and VLE. Yield improvement was obtained 
only in VCBS. The yield of the -selected C2 population was 9.0 q/ha 
higher than that of the testcross-selected C2, and the -selected C2 popu­
lation also yielded 1.5 q/ha more in population crosses than did the test-
cross-selected C2. The testcross-selected C2 yielded more in unrelated 
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crosses than it did as a population per se, but the -selected C2 actu­
ally yielded more per se than it did in unrelated crosses. Evidently, 
testcross selection emphasizes genes that contribute more strongly to 
cross performance and selection selects genes that are expressed more 
strongly in inbred populations. 
A comparison of progeny selection with testcross selection was 
reported by Horner et al. (1969). Three cycles of selection were con­
ducted in a broad-base composite population using lines per se, test-
crosses to the parental population, and testcrosses to an inbred tester. 
Gain from selection using these three methods was evaluated by testing 
cycles 1 to 3 as random-mated Syn-3 populations, selfed populations of 
bulked lines, and population testcrosses to 11 unrelated testers. 
After adjustment for inbreeding, only the parental tester method showed a 
yield gain in the random-mated populations. All methods successfully in­
creased selfed population yield, with the per se method giving the 
greatest gain. Mean combining ability with unrelated testers was improved 
by all methods at the same rate. Thus, no method was identified as being 
best for improving population performance, population selfed performance, 
and population combining ability simultaneously. 
The same three selection methods were again evaluated after completion 
of five cycles of selection (Horner et al., 1973). Fifteen selected popu­
lations (five cycles of selection from each of three methods) were evalu­
ated using random-mated populations, selfed populations, and populations 
testcrossed to the original source population and to an unrelated broad-
base tester. Random-mated population yield was increased by selection, 
but the Sg method was inferior to the other two methods in this respect. 
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However, after adjustment for inbreeding, all methods were shown to be 
equally effective. General combining ability with both testers was im­
proved by all three methods, but the inbred-tester method was almost twice 
as effective as the parental tester or per se methods, giving 4.4% gain 
per cycle compared to 2.4 and 2.0%, respectively. A significant quadratic, 
but not linear, response to cycles of selection was noted in the selfed 
populations, with all methods giving similar results. Horner et al. (1973) 
concluded that the method had been less effective than would be expected 
from theoretical considerations. 
The relationship between Sg line per se and testcross performance was 
studied further by Horner et al. (1977). Two hundred lines from each 
of the two subpopulations (A and B) of a broad-base synthetic were both 
sibbed and crossed with an tester from the opposite subpopulation. 
Approximately 100 lines from each subpopulation with enough and half-sib 
seed for testing were evaluated in yield trials. Correlations between 
and testcross means for five traits were all significant at the 0.01 level 
but differed between the two subpopulations. For each selection method in 
each subpopulation, 10 high-yielding and 10 low-yielding lines were se­
lected to give eight groups of 10 lines. These lines were evaluated as 
(1) crosses with two unrelated double-cross hybrids, (2) crosses to their 
original subpopulation tester, (3) CI populations formed from intercrosses 
of the lines, and (4) high-by-high (HH), high-by-low (HL), and low-by-low 
(LL) crosses between subpopulations within each evaluation method. Only a 
few high- or low-yield lines were selected in common by both methods. For 
example, in subpopulation A 4 of 10 lines were chosen as high and 2 of 10 
as low by both the and testcross methods; in subpopulation B only 
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1 of 10 was chosen as high and 1 of 10 as low by both methods. In both 
subpopulations, combining ability of high-yield lines from the two selec­
tion methods was equal when averaged over all three testers. Similarly, 
CI populations formed from high lines from both selection methods were 
essentially equal within each subpopulation. However, interpopulation HH, 
HL, and LL crosses from the method tended to be superior to the corre­
sponding crosses from the testcross method. The authors concluded that 
evaluation of lines per se would be more effective than testcross eval­
uation when improvements are desired in both line performance and GCA. 
Selection among lines was suggested because there is greater genetic 
variability among and less genetic variability within lines than S^ 
lines, and because screening among S^ lines can be done for agronomic 
traits prior to yield testing of S^ lines. 
In addition to studies comparing inbred progeny and testcross selec­
tion methods, two studies have dealt with selection utilizing both types 
of information (Goulas and Lonnquist, 1976, 1977). In these experiments, 
two-eared plants were used to produce both S^ and testcross progenies. 
Yield trials of both family types were grown, and only plants with supe­
rior self and cross performance were selected. Two cycles of selection 
were conducted in a source population synthesized from three inbred lines, 
and despite the narrow genetic base, a 5% yield improvement in the CI and 
a 20% improvement in the C2 (relative to the CO) was obtained. The authors 
presented evidence that selection based on both progeny types selected 
plants with genes for favorable heterotic effects (from the testcross eval­
uation) and with genes for favorable additive effects (from the S^ evalu­
ation). No data were given comparing combined selection with either S^ or 
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testcross selection alone, based on equal testing resources. Given fixed 
testing resources, twice as many testcross or progenies could be grown 
using either method alone as could be if both progeny types were tested. 
Results obtained from the studies comparing selfed progeny per se and 
testcross selection schemes are not conclusive in favor of either method, 
and vary with the population, testing environments, and exact breeding 
procedures used. Each method seems capable of increasing population per­
formance and GCA with neither method clearly superior. Selfed progeny 
selection seems definitely superior for improving inbred performance, how­
ever. Initial evidence would seem to suggest that the two methods stress 
selection for different gene action types. Inbred progeny selection appar­
ently favors genes with favorable additive effects and zero to complete 
dominance, that is, genes for which the homozygous state is most desirable. 
This seems logical, since homozygosity increases rapidly upon selfing and 
or Sg lines thus measure predominantly a plant's additive genetic en­
dowment. Horner et al. (1969) showed that the portion of the genetic 
variance among selfed progeny means attributable to additive gene effects 
is much larger than that due to dominance effects and increases with in­
creased inbreeding. Selfed progeny selection should therefore be very 
effective in selection for additive genetic effects, which contribute to 
population improvement and general combining ability. 
On the other hand, several of the studies cited suggest that testcross 
selection favors genes that perform more favorably in crossbred than inbred 
populations, implying that they are more favorable in a heterozygous condi­
tion. Lonnquist and Lindsey (1964) and Lonnquist (1968) presented evidence 
that testcross selection emphasized genes with overdominant effects, which 
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must be heterozygous for maximum performance. Overdominance, however, is 
not believed to be important in conditioning yield in maize (Hallauer and 
Miranda, 1981). Another explanation for the inferiority of testcross se­
lection in improving inbred performance of populations is that testcross 
selection selects for genes with favorable additive effects and partial 
to complete dominance but is less effective than the selfed progeny method 
for selection against genes which are deleterious when homozygous recessive 
(Center, 1973). Theoretically, testcross selection for GCA using a broad-
base tester should select for additive genetic effects, since the tester 
contribution is averaged equally across all genotypes under test. However, 
tester sampling problems could result in some selection for nonadditive 
effects (SCA) of no use in population improvement. Conversely, testcross 
selection for SCA using an inbred tester theoretically selects for non-
additive genetic effects for combining ability specific to that tester; 
however, improvement for GCA with other testers after use of an inbred 
tester has been reported in several studies, indicating selection for ad­
ditive effects (Hallauer, 1975). Clearly, testcross selection is not as 
simple as originally believed. The relationship between the way that the 
selfed progeny and testcross selection methods affect improvement of popu­
lation per se performance, selfed population performance, and GCA needs 
further clarification. 
Evidence from quantitative genetic studies shows that additive genetic 
effects with partial to complete dominance are of greatest importance in 
maize populations, and that the largest fraction of heterosis is due to the 
accumulation in a cross of genes with favorable additive effects and some 
level of dominance (e.g., partial to complete) rather than to overdominance. 
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If this is true, it is evident that maize hybrids are not a genetic neces­
sity for superior performance for yield or other traits, since the most 
desirable genetic state would be that of homozygosity. Also, if additive 
effects are of such importance in combining ability, one would expect 
selfed progeny and testcross performance to correlate well. 
Studies have been conducted correlating the performance of inbreds 
and their crosses. Many of the studies, while indicating some relation 
between inbred and hybrid performance, showed that the relationship was 
not close enough to be of predictive value (Hallauer and Miranda, 1981). 
Many of the early correlation studies were conducted with a small sample 
of selected lines and hybrids and were evaluated under conditions of field 
husbandry quite different from that prevalent today. Results from such 
studies may thus be of limited usefulness. 
Results from three early studies of line-cross correlations, one study 
by Gama and Hallauer (1977), and four of the studies comparing selfed prog­
eny and testcross evaluation are summarized in Table 1. Simple correla­
tions between inbred and hybrid yield in the first four studies listed in 
Table 1 were low. Simple correlations and genotypic correlations between 
inbred and hybrid traits in the last four studies were considerably greater. 
There may be several reasons for this. The lines in the first four studies 
were more highly inbred than those in the latter four. A greater number 
of deleterious alleles with large effects may be fixed in the more highly 
inbred lines than in the S^ or S^ lines. These alleles, while lowering 
inbred performance, could be masked in the testcrosses and, therefore, 
lower the correlation between line and hybrid performance. A second reason 
may be that the testcrosses in the last four studies for some reason gave 
Table 1, Summary of eight studies reporting correlations between inbred lines and their crosses 
Inbred-hybrid trait correlations 
Grain Stalk 
Study Plant material Yield moisture lodging 
Jenkins (1929) 77 selected 3^ lines and 361 hybrids 0.14 
0.20^ 
Johnson and 
Hayes (1935) 
39 selected sweet corn inbreds and test-
crosses (TC) 
-0.02 
Hayes and 
Johnson (1939) 
110 selected inbreds and TC to Minnesota 13 0.25 
Gama and 
Hallauer (1977) 
160 unselected 3^ lines and 320 hybrids 
produced via Design II matings 
0.09 
0.11^ 
Genter and 
Alexander (1962) 
1) 51 S^ lines from CB3-A and TC 
2) 51 S^ lines from CBS-B and TC 
3) 51 S^ lines from Long Ear 3yn. and TC 
0.56 
0.64 
0 .62  
0.63 
0.41 
0.66  
0.44 
0.35 
0.32 
Carangal et al. 
(1971) 
1) 60 lines and TC to Minnesota 707 0.45 0.91 0.54 
2) 60 lines and TC to parental synthetic 0.68 0.88 0.62 
3) 68 lines from -selected CI, and TC 0.24 0.90 0.85 
to Minnesota 707 
4) 67 lines from TC-selected CI, and TC 0.48 0.88 0.77 
to Minnesota 707 
Goulas and 
Lonnquist (1977) 
1) 140 lines and TC with parental 
population—CO 
2) 200 lines and TC with parental 
population—CI 
:S 0.48' 
( 0 . 28 )  
0.36 
(0.33) 
0.63 
(0.41) 
0.73 
(0.46) 
Horner et al. 
(1977) 
1) 108 Sg lines and TC to related inbred 
2) 102 Sg lines and TC to related inbred 
0.61 
0.35 
0.66 
0.38 
^Simple correlation between mean of one inbred and mean of all its crosses. 
Simple correlation between mean of both inbreds and their hybrid. 
'^Simple correlations between inbred means and means of testcrosses (TC) with three testers. 
"^Simple correlations between inbred and TC means. 
^Simple correlations between inbred means and TC means with two unrelated single-cross testers, 
f 
Genotypic correlations. 
®Phenotypic and genotypic (in parentheses) correlations. 
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a better estimate of GCA than those in the first four. The studies of 
Jenkins (1929) and Gama and Hallauer (1977) used hybrids rather than 
testcrosses to a common tester, but correlation method 1 (between an in­
bred and the mean of all its crosses) should measure GCA. It is important 
to remember that GCA is a property not only of a line but of the popula­
tion to which it is mated. SCA effects may have been more important in 
some of the studies than in others and biased estimates of GCA. In any 
event, given the complexity of the inheritance of quantitative traits, the 
results from comparative studies of the selfed progeny and testcross meth­
ods indicate a reasonably close relationship between line and testcross 
performance. 
Visual Selection Studies 
Given that breeders believe that selfed progeny per se can provide an 
estimate both of inbred performance itself and GCA, they are faced with 
deciding how inbred the progenies shall be before testing. Because each 
generation of inbreeding takes extra time, and greatest genetic gain per 
unit of time is desirable, progenies in early generations of inbreeding 
(S^ or Sg) are usually used. If off-season nurseries are available and 
evaluation of traits is done after pollination, S^ per se testing requires 
two years to complete a cycle of selection versus three years for test­
ing. Horner et al. (1977) listed two reasons for preference of testing 
over testing as 1) greater genetic variance among S^ progeny means and 
less genetic variance within S^ progenies as compared to S^'s, and 2) the 
possibility of some selection for agronomic traits among and within S^ 
lines when using S^ testing. Because genetic variance among progeny 
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means is greater than that among progeny means (3/2 or^ versus for a 
restricted genetic model ofp=q=0.5ord=0), genetic gain per cycle 
may be greater. Gain per year, however, may be no greater due to the extra 
season required for the additional inbreeding. An important question to 
answer is whether enough improvement is made in progeny performance by 
visual selection among and within progenies to justify the extra year 
of cycle time. 
Maize breeders practicing selection during inbreeding must be con­
cerned with the effects of such selection on line performance itself and 
on combining ability of the line. All breeders conduct some form of visual 
selection as part of their breeding program. In early generation selection 
methods such as testing, it may be limited to one or two generations, 
while in inbred development via pedigree selection it may be very exten­
sive. Often, the effectiveness of such selection is not known with cer­
tainty. Formalized studies of visual selection effectiveness have been 
conducted in both self-pollinated and cross-pollinated crops, but most 
reports have emphasized yield over agronomic traits. Because selection 
during inbreeding in maize for inbred development is analogous to develop­
ment of pure-line cultivars, some studies in crops other than maize will 
be briefly reviewed in addition to results from studies of visual selection 
in maize itself. 
Visual selection during line development in self-pollinated species 
Frey (1962) compared visual selection among spaced F^ plants for 
phenotypically desirable and undesirable types with random selection in 
each of two oat (Avena sativa L.) crosses. Lines from each of the 
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selected plants were tested for two years. The mean yields of lines from 
the three groups of selected plants (good, poor, and random) were equal in 
one cross; in the other, random and good lines outyielded poor ones, but 
good lines did not outyield the random ones. Thus visual selection was 
more effective in discarding undesirable phenotypes than in selecting 
desirable ones. An extension of the study compared visual selection effec­
tiveness for good and poor types among lines with that among plants. Only 
selection among lines showed any gain for yield. Selection on a single-
plant basis was deemed ineffective due to low heritability caused by envi­
ronmental influences. 
In a similar study, Atkins (1964) examined the usefulness of visual 
selection among spaced plants in barley (Hordeum vulgare L.). Twenty-
five phenotypically good, poor, and random plants were selected and seed 
increased in rows before yield testing as F^, Fg, and F^ lines. Based 
upon two- and three-year means, good selections were slightly higher-
yielding than random ones and good and random selections were both supe­
rior to poor selections. However, as many random as good lines were 
included in the top 10% and top 20% of the lines. Atkins (1964) concluded 
that visual selection could better be used for discarding inferior pheno­
types than for selection of superior phenotypes. 
There has been considerable interest in the use of visual selection 
for yield among F^ plants in wheat (Triticum aestivum L.). In a study 
reported by McGinnis and Shebeski (1968), three breeders visually selected 
from a population of 8,000 F^ spaced plants what they believed to be high-
yielding plants with desirable qualitative agronomic characters. In addi­
tion, a random sample of plants was taken, with the restriction that each 
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plant have a certain minimum number of kernels needed to plant an plot. 
A bulk composite for use as a control was also produced by bulking one head 
from every harvested plant in the nursery. lines from the visually- and 
randomly-selected lines were tested, with every third plot planted to the 
bulk composite control. The mean of both the selected and random lines 
was 108% of the control, but no correlation was found between F^ plant and 
F^ plot yields. The random lines taken probably did not truly represent a 
random sample since some selection had been done for kernel number. The 
authors concluded that since both visually- and randomly-selected lines 
had outyielded the control, selection among F^ plants was worthwhile, even 
though there was no relation between F^ and F^ yields. 
Because low heritability of traits is a problem with selection among 
single plants, Knott (1972) attempted to control environmental effects by 
accurately space-planting F^ wheat populations of 800 to 1,450 plants on 
very level, uniform soil. Good and poor phenotypes were visually selected 
and random samples taken. The 958 resulting F^ lines were yield tested in 
an augmented design with a check variety planted in every fifth plot, and 
yield was expressed as a percentage of the two closest checks. The mean 
of the F^ lines from good F^ plants was higher than the means of the random 
and poor groups, and the random lines outyielded the poor. However, the 
distributions of line yield from all three classes overlapped considerably; 
that is, good lines were present in all three classes. Knott (1972) found 
that although visual selection had some effect it was of little practical 
benefit in yield improvement. 
DePauw and Shebeski (1973) also found that attempts to select F^ wheat 
plants for yielding ability did not improve F^ performance. They visually 
24 
selected 528 plants from a 10,000 plant population and subsequently 
compared the 528 lines with bulk control plots. The F^ line yields 
ranged from 41 to 155% of the controls, but the mean F^ line yield was 
nearly identical to the mean of the controls. Visual selection for yield 
among F^ plants thus did not raise the mean yield of derived F^ lines 
relative to the mean of the population. 
Nass (1983) compared the effects of several different selection meth­
ods in the F^ of two wheat crosses, one of which was higher-yielding and 
had a greater range of maturity and plant height than the other. Selection 
procedures included 1) selection of random F^ heads, 2) visual selections 
carried out separately by three persons, 3) measurement of F^ plant head 
weight, and 4) measurement of F^ harvest index. Twenty randomly chosen F^ 
lines from each method and each cross were used for evaluation. In both 
crosses, visual selection was at least as effective as the head weight or 
harvest index methods, but in the low-yielding cross no method was better 
than random. In the higher-yielding cross, the visual selection method was 
more effective than the other procedures but also produced progenies that 
were taller and later in maturity. Visual selection for yield was as ef­
fective as the other methods and was also less expensive and faster, but 
the study shows that success can vary with the cross in which selection is 
being conducted. 
Three crosses between superior Group II cultivars of soybean [Glycine 
max (L.) Merrill] and nine between the cultivars and plant introductions 
were used by Wilcox and Schapaugh (1980) to determine if visual selection 
among single plants would be more successful in crosses with greater ge­
netic variability. Phenotypic recurrent selection without recombination, 
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using visual selection among single plants, was conducted for three gener­
ations in all 12 crosses; then the unselected population and the three 
visually selected populations (F^, F^, and F^ bulks) were evaluated for 
two years. In no case was the yield of a selected F^ bulk population supe­
rior to its unselected F^, and in addition in most crosses the selected 
populations were later maturing and taller than the unselected F^'s. In 
half of the crosses F^ lodging resistance was equal to that of the unse­
lected Fg, but in the other half it was significantly poorer. Thus, 
regardless of amount of genetic variability, visual selection was not 
effective for improving yield or any agronomic traits and in some in­
stances was detrimental. 
All of the studies reviewed so far have dealt with visual selection 
among single plants. Several reports also have examined results from such 
selection among progeny rows. McKenzie and Lambert (1961) used visual 
divergent selection among F^ and F^ barley lines to develop one pheno-
typically good and one poor Fg subline from each of a number of F^ plants. 
On the average, lines selected as visually desirable were taller and later 
maturing than those rated as poor, and there was no yield difference be­
tween the two classes. Also, there was no correlation between visual yield 
ratings made on F^ lines and their derived F^ lines. They determined that 
visual selection was not useful for identifying desirable barley lines. 
Hanson et al. (1962) developed F^ lines from 45 soybean crosses. 
Twenty random lines were selected from each cross and grouped into 20 sets 
of 45 crosses, such that each set contained one random line from each 
cross. At maturity, three experienced breeders classified on a visual 
basis what they believed to be the highest-yielding nine lines, the next 
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highest-yielding nine lines, and the bottom 27 lines in each set of 45 
lines. Results showed that the breeders could discriminate low-yielding 
plots much better than high-yielding ones, and that lodging most influ­
enced the breeders' visual yield rating even though the phenotypic corre­
lation between lodging and yield was low. Hanson et al. (1962) recom­
mended that visual selection be used mainly to discard poor lines. 
In a similar study, Briggs and Shebeski (1970) had 14 selectors at­
tempt to visually choose 80 of the best and the 10 poorest lines from 
among 828 wheat lines. While visual selection results showed some 
improvement over random selection, many of the highest-yielding lines were 
not picked by any selector. As a result, the authors recommended use of a 
low selection intensity when practicing visual selection, to avoid dis­
carding potentially valuable lines. 
In an experiment conducted by Kwon and Torrie (1964), lines from two 
soybean crosses were grown in the F^, and F^ generations and scored 
visually for yield at maturity by three breeders on a scale of 1 (very 
poor) to 9 (excellent). Breeder's ratings were compared with actual plot 
yields; a greater percentage of low-yielding plots were visually classi­
fied as low than were high-yielding plots classified as high, indicating 
that the breeders were better at distinguishing poor lines. Plant height, 
maturity, and lodging all contributed to the visualization of yield, with 
maturity influencing it most. Visual selection was recommended for use 
for traits other than yield in early generation selection. 
Stuthman and Steidl (1976) had three selectors practice visual selec­
tion for high and low yield among F^ lines from four adapted X unadapted 
line oat crosses. The high and low selections were then harvested along 
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with lines selected at random, and all lines were additionally tested in 
the and generations. In three populations, lines selected visually 
as high-yielding were superior to random lines, but in one population they 
yielded less. In general, lines selected as low yielded less than the 
random lines. The authors felt that no general conclusion regarding the 
worth of visual selection could be made from their results. 
Because greater variability was observed for certain yield components 
of triticale (X Triticosecale Wittmack) than in other cereals, Salmon and 
Larter (1978) conducted a study to determine if visual selection could be 
of use in a triticale breeding program- Selectors ranging in expertise 
from experienced breeders to inexperienced summer help attempted to vis­
ually identify high-yielding F^ lines in eight different populations. The 
lines were then harvested and actual yields compared to visual ratings. 
All selectors were able to select lines better than those chosen as a 
random sample, and success of selection was related to experience level. 
Salmon and Larter concluded that a classical pedigree breeding system 
using visual selection could be of use in the early stages of a triticale 
breeding program, but that selection intensity should not be too high. 
Other reports both encourage and discourage visual selection. 
Townley-Smith et al. (1973) reported that many high-yielding lines were 
not selected by any of seven and nine persons visually selecting for yield 
among wheat lines at two Canada locations. The mean yield of each of the 
breeders' selections ranged from 100.5 to 105.5% of the population mean, 
indicating little progress from visual selection. In contrast, Thakare 
and Qualset (1978) found that visual selection in spring wheat was supe­
rior to random selection and encouraged its use. 
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As is the case with many plant breeding studies, results from visual 
selection during pure-line development vary with the populations used, 
selection environments, and breeders conducting the selection. Visual 
selection has generally been acknowledged by breeders to be a useful tech­
nique in selection for traits of high heritability on a single-plant or 
single-progeny-row basis, such as disease and insect resistance, plant 
height, and maturity. Visual selection for yield has been considered to 
be less successful, and the studies reviewed, which concentrate mainly 
on yield, seem to bear this out. In some cases visual selection showed 
improvement over random selection, but in general the technique seems 
better suited to discarding obviously poor phenotypes than selecting supe­
rior ones. Usually, plants or lines selected visually as high-yielding 
were also taller and mature later. There was no clear indication that 
visual selection among unreplicated progeny rows was any more successful 
than that among plants. Although these studies dealt with pure-line devel­
opment in self-pollinated crops, the results may be instructive to the 
maize breeder practicing visual selection during inbred line development, 
because experiments examining the effects of visual selection on maize 
inbred performance per se appear to be lacking. Most maize breeders prob­
ably practice visual selection for traits other than yield and in general 
would agree with the conclusions reported in the studies of self-pollinated 
crops. 
Effects of visual selection on combining ability in maize 
Experiments dealing with visual selection in maize have examined the 
effects of such selection on combining ability of lines rather than on 
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line performance per se. Jenkins (1935) evaluated testcross performance 
of pairs of selected and discarded lines from 'lodent' and 'Lancaster' in 
the S. to S generations, excluding S„. One line of each pair in each 
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generation had been visually selected, while the other had been discarded. 
Although in most cases differences between testcross yields of selected 
and discarded lines were not significantly different, Jenkins reported 
that the selected progenies were "slightly but consistently more produc­
tive" than the discarded ones. None of the selected lines was different 
from their parents in cross performance of any trait, however. This would 
seem to indicate that the visual selection practiced had successfully dis­
carded less productive genotypes but was not effective in improving combin­
ing ability during inbreeding. Early testing for combining ability was 
suggested in order to discard lines of less value and concentrate greater 
testing resources on the more promising lines. 
Singleton and Nelson (1945) reported that visual selection during 
inbred development in sweet corn resulted in improved yield of lines when 
testcrossed. They stated that combining ability could be improved by vis­
ual selection during inbreeding and believed that inbreds should not be 
tested for combining ability any earlier than the generation; that is, 
they did not believe in early testing for combining ability because they 
felt the breeder could positively alter the trait by visual selection 
during segregating generations. 
Lonnquist (1950) showed that combining ability could indeed be changed 
by selection within inbred lines. By divergent selection, he was able to 
produce lines with both better and poorer combining ability relative to 
lines from which they were selected; however, testcrosses of plants within 
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lines, and not visual selection, were used as a basis for selection. 
Lonnquist believed that this kind of progeny test was needed to modify 
combining ability and doubted that visual selection alone could be as 
successful. Also, he noted that the lines with the best combining ability 
were selected from high-combining S^'s, in support of early testing. 
Sprague and Miller (1952) conducted two experiments to determine if 
visual selection during inbreeding could increase the frequency of desir­
able genes for combining ability within lines. In both experiments, pedi­
gree selection was begun in six lines and conducted until the gener­
ation. In each generation, visual selection for disease and lodging 
resistance and plant and ear characters was done among and within 25-plant 
progeny rows. Two to five plants per progeny row were selected in each 
generation. Remnant seed was used to make all 15 possible single-crosses 
of the lines within generations. Because seed from the line crosses was 
bulked, the crosses of x through x lines were genetically 
equivalent to x through x plant crosses. Evaluation of the 75 
single-crosses (five generations x 15 crosses per generation) from each 
population showed that no significant improvement for yield had been made 
by the four generations of visual selection; x crosses were on the 
average no better than x crosses. Improvement for stalk lodging was 
noted in one population. 
lines and lines derived from them by visual selection were eval­
uated in testcrosses to one to three testers by Wellhausen and Wortman 
(1954). The lines represented a selected sample of lines known to have 
good combining ability on the basis of previous testcross data. Derived 
lines showed slight but positive gains in combining ability compared to 
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the lines from which they were selected, when testcross evaluation was 
done in the same environment in which the visual selection had been con­
ducted. In contrast, visual selection seemed to be detrimental for 
combining ability when testcrosses were grown in other than the selection 
environment. The authors concluded that visual selection during inbreeding 
seemed of little use for improving hybrid yield. 
Osier et al. (1958) compared yields of x crosses with those of 
crosses of advanced lines (S^ x S^) which had been developed from the 
lines via visual selection only. One hundred thirty-four pairs of entries 
were tested and included crosses of local x local (L x L), introduced x 
introduced (I x I), and local x introduced (L x I) material. Combining 
ability was improved in all three types of crosses, with the best results 
in the I x I crosses. Comparisons of specific hybrids revealed that 57%, 
25%, and 18% of the x crosses were better than, equal to, and poorer 
than their x counterparts for yield, respectively. Visual selection 
in this experiment thus improved combining ability more often than it did 
not. 
Brown (1967) developed 1,160 unselected Sg lines from the varieties 
'Krug', 'Midland', 'Lancaster', and 'Reids Yellow Dent', and asked four 
breeders to rate visually each line on a 1 to 5 scale, 5 being best. 
Twenty random lines of those rating 4 or better and 20 random lines rating 
2 or less were then testcrossed to a synthetic variety, and the 40 entries 
tested for two years at two locations. Yields of lines rated as low were 
identical in testcrosses to those rated as high, showing that visual line 
rating had no relation to combining ability. Testcrosses of lines rated 
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highly had less stalk and root lodging than did the low testcrosses, 
however. 
Visual selection and selection based on testcross performance were 
compared for their usefulness as methods of selection among and within 
lines during inbreeding by Russell and Teich (1967). Each selection 
procedure was conducted at both a high and a low plant population density 
in an population of (M14 x CI03). Testcross selections were made in 
the Fg through F^ generation, while visual selection among and within 
progeny rows was done in the F^ through Fg generations. Evaluation of the 
success of each method was done by testing the lines developed both per se 
and in testcrosses to (WF9 x 1205), which was the tester used in testcross 
selection, and to Ia4810, an unrelated double-cross. Compared to (Ml4 x 
0103) X (WF9 X 1205), all selection methods except visual selection at low 
density gave an increase in combining ability. In testcrosses to Ia4810, 
which should give a measure of GCA, visual selection at high density gave 
the greatest gains. Lines selected visually had greater grain yield 
per se than did those selected by testcross performance. Finally, the 
line with the best performance, both per se and as a hybrid, was developed 
by visual selection-at high density. Russell and Teich thus concluded 
that "selection by visual evaluation of inbred line performance in dense 
stands was at least as effective as selection by extensive testcrossing, 
and far more efficient." 
Russell and Machado (1978) developed four groups of lines in BS1 by 
visual selection in several combinations of plant densities and row spac-
ings. Visual selection was conducted in the SQ to generations for 
vigorous and healthy plants, desirable ear type, seed set, simultaneous 
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pollen shed and silk emergence, stalk rot resistance, and first-brood 
European corn borer (Ostrinia nubilalus Hubner) resistance. At one of 
the low plant densities, selection for one-eared plants was also done, 
while in the other low density two-eared plants were selected. An addi­
tional group of lines was developed by selection in the to genera­
tions for testcross performance at high plant density and narrow row 
spacing. Lines from the visually selected groups and BS1 were evaluated 
as testcrosses at three plant densities (Experiment I), while lines from 
all groups were evaluated as testcrosses in one plant density (Experiment 
II). The lines per se in the visually selected groups were also evaluated 
at two plant densities. Averaged over all densities and environments, no 
significant differences existed among the group yields in Experiment I, 
and no group yield was significantly different than that of the control. 
In Experiment II, no group yields were significantly different from the 
control, but the group visually selected for one ear per plant at low 
plant density yielded significantly less than the other selection groups. 
This group also contributed the fewest high-yielding testcrosses in both 
experiments. No significant differences existed among the selection groups 
for inbred yield per se. Although average gains in combining ability for 
the visually selected groups were slight, testcross selection also resulted 
in little gain. Russell and Machado concluded that visual selection could 
be as effective as early generation testcrossing for developing inbred 
lines, in agreement with data of Russell and Teich (1967), but stated 
that selection for two-eared types at low plant density might be more 
effective than selection in higher densities. 
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Twenty inbred families from the study of Russell and Teich were ex­
amined further in testcross evaluations by El-Lakany and Russell (1971). 
Of the 20 families, 10 were chosen for high combining ability and 10 for 
low combining ability at on the basis of data from Russell and Teich. 
Within each group of 10, five families had been developed by testcross 
selection and five by visual selection. The , F^, F^, and F^ genera­
tions of each family were testcrossed to (WF9 x 1205) and tested in eight 
Iowa environments. Linear regression of testcross yield on generations 
as equally spaced variables was positive and significant for the high-
combining lines selected visually or by testcross selection, showing gain 
for combining ability by selection within lines by both methods. Quadratic 
regression coefficients indicated that most gain had been made in the early 
generations of selection. While no consistent trend for combining ability 
improvement was apparent for the low-combining lines selected by test-
crossing, all visually selected low-combining lines had negative linear 
regression coefficients. For the most part, this was because the F^ 
generation yielded less than the F^ in these lines. Results of this 
experiment show that either visual or testcross selection can improve line 
combining ability. It also suggests that if combining ability is to be 
improved, it is essential that superior plants be retained in the early 
generations of selection, which emphasizes the importance of effective 
selection among F^ (SQ) plants and among and within F^ (S^) lines. Visual 
selection at high rather than low plant population density was supported 
by the fact that four of the five visually selected low-combining lines 
were developed at low density. 
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Inoue and Okabe (1982) reported results that indicate that the success 
of visual selection in improving combining ability may be related to the 
type of genetic material in which selection is being conducted. They de­
veloped three groups of lines by visual selection among and within progenies 
for plant vigor, ear appearance, and resistance to lodging, diseases, and 
insects. The lines developed included 1) six lines from an open-
pollinated Japanese flint, 2) 11 lines from a Chinese double-cross 
hybrid, and 3) 26 lines from BS5. Testcrosses of the lines and origi­
nal populations to single-cross testers revealed substantial, intermediate, 
and no combining ability improvement for lines from the Japanese flint, 
Chinese double-cross, and BS5 synthetic, respectively. The authors con­
cluded that visual selection could effectively improve combining ability 
in relatively unimproved populations but not in more elite sources such as 
hybrids and synthetics. 
The studies of the effects of visual selection during the development 
of maize inbreds on their subsequent combining ability do not point to any 
general conclusion, since some reports show positive and some negative 
results. The general concensus among maize breeders would probably be 
that, while visual selection is a worthwhile technique for selection of 
highly heritable traits to be expressed in the line per se, its usefulness 
for improvement of combining ability is limited. On the other hand, visual 
selection for desirable inbred traits also does not seem to be detrimental 
to combining ability. 
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MATERIALS AND METHODS 
Plant Materials 
The maize population used in this study was 'Lancaster Composite', a 
broad-based population synthesized from inbred lines and populations of 
'Lancaster Surecrop' origin by A. R. Hallauer at Iowa State University 
between 1977 and 1980. No previous selection had been done in Lancaster 
Composite, and one of the objectives of this study was to estimate quanti­
tative genetic parameters for use in planning selection within it. 
Lancaster Surecrop (hereafter called 'Lancaster') is an open-polli-
nated maize variety that was developed in the late 1800's by Isaac Hershey 
of Lancaster County, Pennsylvania. Initially, Hershey crossed an early-
maturing flint variety and a later-maturing, large-eared variety, but at 
least six other unidentified open-pollinated varieties were later added. 
Hershey began selection for earliness within the variety around 1910 and 
emphasized selection for large, disease-free ears. Little or no selection 
was conducted for plant traits, however, with the result that Lancaster 
possesses poor stalk and root quality (Wallace and Brown, 1956). Lancaster 
was initially introduced into Corn Belt breeding programs by F. D. Richey, 
who began inbreeding it after he noted its high yields in northern Illinois 
(Jenkins, 1978; Wallace and Brown, 1956). 
Inbred lines from Lancaster tend to show excellent combining ability 
with lines from sources containing germpiasm from 'Reid Yellow Dent'. In 
particular, lines from Lancaster combine well with those from 'Iowa Stiff 
Stalk Synthetic' (BSSS), synthesized from 16 inbred lines by G. F. Sprague 
in 1933 (Hallauer and Miranda, 1981). This fact has been known by maize 
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breeders for many years and has resulted in the formation of two broad 
germplasm pools, corresponding roughly to the Lancaster and Reid (BSSS) 
types. In general, crosses are made within germplasm pools when new in­
bred lines are being developed, while crosses between germplasm pools are 
reserved for exploitation of heterosis in hybrids. In this way, differ­
ences in gene frequencies between the two sources are at least partially 
maintained. 
Recurrent selection studies at Iowa State University have utilized 
BSSS extensively in reciprocal recurrent selection with 'Corn Borer Syn­
thetic No. 1' (BSCB1) and in intrapopulation recurrent selection in BS13, 
a version of BSSS developed by half-sib selection using Ia13 as the tester 
(Eberhart et al., 1973). Several widely-used inbred lines, including B37 
and B73, have been developed from BS13. Lancaster, on the other hand, has 
been used less extensively. Five cycles of half-sib selection for SCA, 
using inbred tester Hy, were conducted in Lancaster (Walejko and Russell, 
1977), and seven cycles of S^ recurrent selection for stalk rot resistance 
were also conducted in Lancaster (Devey and Russell, 1983). In general, 
however, fewer resources have been expended on selection in Lancaster than 
in BSSS, although three elite lines of Lancaster origin have been released 
from the Iowa station. Rather than continuing or beginning new selection 
in the open-pollinated Lancaster variety, a more elite source of Lancaster 
germplasm was desired. For this reason, Lancaster Composite was developed 
and selection begun within it. 
Lancaster Composite was formed by the random-mating, in isolation, of 
two closely-related subpopulations, designated 'Lancaster Composite A' and 
'Lancaster Composite B'. The broad-based populations and elite inbred 
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lines used to synthesize these two subpopulations are listed in Table 2. 
Lancaster Composite A was synthesized from three populations and fifteen 
inbred lines. BSL(HI)C5 and BSL(SR)C6 were the most advanced cycles of 
the half-sib (inbred tester Hy) and line per se recurrent selection 
programs, respectively, that had been conducted in Lancaster at the time 
of synthesis. BSTL is a population containing 25% 'Tuxpeno' germplasm 
that is currently undergoing recurrent selection. The inbreds used 
represent a number of elite lines available, and nearly all were derived 
from sources containing CI 03 germplasm. The mean maturity of these in­
breds is approximately 120 days. Lancaster Composite B was developed by 
crossing Lancaster Composite A with two additional broad-based populations 
and five elite inbreds shown in Table 2. With the exception of Oh43, all 
inbreds were already present in Lancaster Composite A, but the inbreds 
used to develop Lancaster Composite B contained major resistance genes to 
Helminthosporium turcicum Pass, and Helminthosporium maydis, causal organ­
isms of Northern and Southern corn leaf blight, respectively. 
Lancaster Composite A was synthesized in summer 1977 at the Agronomy 
and Agricultural Engineering Research Center near Ames by crossing the 
fifteen elite inbred lines to the three Lancaster populations, and the 
population was subsequently random-mated at Ames in the summers of 1978 
and 1979 and in Florida in the winters of 1977-1978 and 1978-1979. Random 
mating was done by hand in blocks of approximately 500 plants. An attempt 
was made to use each plant once as both a male and a female. An equal 
number of kernels was taken from each ear harvested to create two bulks of 
approximately 500 kernels after each random mating. Lancaster Composite A 
was also crossed to the additional sources shown in Table 2 during the 
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Table 2. Derivations and origins of populations and inbred lines used to 
synthesize Lancaster Composite 
Population 
BSL(HI)C5 
BSL(SR)C6 
BSTL(S)C2 
Lancaster Composite A 
Derivation 
Lancaster Surecrop open-pollinated 
Lancaster Surecrop OP 
(Lancaster x Tuxpeno) x Lancaster 
(OP) 
Origin 
Iowa 
Iowa 
Iowa 
Inbred lines 
370 
0103 
0123 
Mol 7 
N13 
Oh45 
Oh517 
Va20 
Va35 
Va36 
Va44 
Va58 
Va59 
Va60 
Va61 
OP 
(M14 X 0103) 
Lancaster Surecrop 
(0102 X 0103) 
(187-2 X 0103) 
(0103 X N37) 
(Oh40B X W8) 
(0103 X Wh4971) X 0103 
0h40B) 
TB) X T8 
T8) 
(0103 
(0103 
(CI 03 
(K201 
(CI 03 
(0103 
(T8 X 
(TB X 
0103' 
T8^) 
2 ,  
) 
X T8 
0103) 
0103) 
(01.21 X 
(K4 X 
0103^) 
CI 03^) 
Iowa 
Connecticut 
Connecticut 
Missouri 
Nebraska 
Ohio 
Ohio 
Virginia 
Virginia 
Virginia 
Virginia 
Virginia 
Virginia 
Virginia 
Virginia 
Lancaster Composite B 
Population 
Lancaster Composite A See above 
Derivation 
BS12(HI)C7 
Nebraska Cattlecorn 
Alph OP 
Nebraska OP 
Origin 
Iowa 
Iowa 
Nebraska 
Inbred lines' 
Oh43 
0103 
Mol 7 
Va35 
0123 
(0h40B X W8) 
Lancaster Surecrop OP 
(187-2 X 0103) 
(0103 X T8) X T8 
(0102 X 0103) 
Ohio 
Connecticut 
Missouri 
Virginia 
Connecticut 
^All inbred lines in Lancaster Composite B contained disease 
resistance genes Ht, Ht2, Ht3, and rhm. 
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summer of 1978 at the Ames Research Center to synthesize Lancaster Compos­
ite B. Lancaster Composite B was random-mated in Florida in winter 1978-
1979 and again in Ames in summer 1979, with random-mating done in the same 
manner as for Lancaster Composite A. A one-half acre isolation of a bulk 
of equal quantities of seed of Lancaster Composite A and Lancaster Compos­
ite B was planted at Ames in 1979 and allowed to random mate. A bulk sam­
ple harvested from the center of the isolation formed Lancaster Composite. 
progenies were obtained by self-pollination of unselected 
plants in each of the three composites in Florida during winter 1979-1980. 
The 1,636 progenies produced were evaluated in summer 1980 at the Ames 
Research Center and the Ames corn borer screening nursery. One replica­
tion was used at each location. At the corn borer nursery, the progenies 
were infested with corn borer egg masses (Ostrinia nubilalus Hubner) and 
inoculated with Northern corn leaf blight. Progenies susceptible to 
first-brood corn borer leaf feeding were discarded before flowering in the 
breeding nursery at the Ames Research Center, and selected plants within 
remaining progenies were self-pollinated to produce progenies. 
Pollinated plants were inoculated in mid-August with a stalk rot spore 
suspension containing Diplodia maydis, Gibberella zea, Fusarium moniliforme, 
and Colletotrichum graminicola. Ratings for Northern corn leaf blight re­
sistance were made in late August at the corn borer screening nursery. 
Two sets of progenies were selected at harvest in 1980. For one 
set, selection was based on visual evaluation of resistance to stalk rot 
and leaf blight, maturity, seed set, ear size, and overall general appear­
ance of progenies and plants. Two hundred progenies were visually 
selected and the ear from the best-appearing plant within each selected 
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progeny was saved to obtain 200 progenies. After completion of visual 
selection, 200 random progenies were obtained by harvesting one ear 
from a random plant within approximately every eighth nursery row. Al­
though no intentional selection was practiced, one necessary restriction 
was that each ear saved had adequate seed for replicated testing in sev­
eral environments. Because of the manner in which the random sample was 
taken, 31 of the randomly-selected and visually-selected progenies were 
from common progenies. Of the 200 visual selections, 80 were from 
Lancaster Composite A and 120 were from Lancaster Composite. Of the 200 
random selections, 80, 86, and 34 progenies were taken from Lancaster 
Composite A, Lancaster Composite, and Lancaster Composite B, respectively. 
In 1981, the 400 progenies were planted in isolation for test-
crossing to a single-cross tester of BSSS origin, (B84 x B73). Although 
B73 and B84 were each developed from BS13, they showed considerable het­
erosis when crossed and the single-cross hybrid was a vigorous pollen 
producer. The lines were detasseled, and at harvest seed from approx­
imately 13 plants of each line was bulked within lines to provide test-
cross seed. Because seed from each line was bulked, the crosses were 
genetically equivalent to plant x tester crosses. Most lines produced 
excellent seed, but 32 crosses failed due to temperature and moisture 
stress in July. These crosses were made by hand in the greenhouse during 
the winter of 1981-1982, but due to high planting density and aphid infes­
tation, approximately 20 lines did not set adequate seed for all planned 
future testing, and two lines produced no seed at all. Crosses of lines 
without adequate seed were again made to the tester by hand in summer of 
1982 in the breeding nursery at Ames, and ample seed was obtained for all 
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lines. In some cases, rather than lines were crossed to the tester 
because the supply of seed had been exhausted. 
Field Procedures 
The 400 Sg lines were evaluated in yield trials at three Iowa loca­
tions (Agronomy and Agricultural Engineering Research Center near Ames, 
Iowa State University research farm near Ankeny, and Committee for Agri­
cultural Development farm near Martinsburg) in 1981. An additional exper­
iment was grown at the Ames corn borer screening nursery for collection 
of root-pulling data. The 400 testcrosses were evaluated at these four 
locations in 1982 and 1983, but the Ankeny and Martinsburg locations were 
destroyed by windstorm and drought, respectively, in 1983. Cultural prac­
tices common to commercial maize production were used for all experiments. 
The experimental design at each location in all years was a split-
plot with whole plots arranged in an incomplete block design with two 
replications. The 400 entries (S^ lines in 1981 and testcrosses in 1982 
and 1983) were divided into 10 sets of 40 entries each. Within each set, 
20 entries were visual selections and 20 were random selections. Main 
plots in the split-plot design were selection types (visual or random 
selection) because the 20 entries of a selection type within a set were 
planted as a block. Subplots were individual entries, which were nested 
within selection types. Selection types were randomized within each rep­
lication within each set, and entries were randomized within selection 
types. 
For each entry in the yield trials, machine planted two-row plots 
5.49 m (18 feet) long spaced 76.2 cm (30 inches) apart were used. Each 
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entry in the root-pulling experiments was planted in a single-row plot 
3.05 m (10 feet) long with 76.2 cm (30 inches) between plots. Root pull 
plots were hand planted in 1981 and 1982 and machine planted in 1983. 
Plants in the hand planted plots were spaced 25.4 cm (10 inches) apart 
within the row. All yield trial plots were machine harvested, with no 
gleaning for dropped ears. Planting, root pull, and harvest dates and 
plant population densities used in each experiment are shown in Table 3. 
Experiment number designations for each environment are also shown and 
will be used in subsequent tables. 
Stand, root and stalk lodging, dropped ears, grain yield, and grain 
moisture data were collected on all plots in each yield trial experiment. 
Stand counts were made in early July, and root and stalk lodging and 
dropped ear data were gathered just prior to harvest. Dropped ear data 
were not taken at Ames in 1983. Vertical root-pull resistance was meas­
ured each year on all plots in the corn borer screening nursery approxi­
mately three weeks after the beginning of anthesis. The first six plants 
in each plot were cut off approximately 25.4 cm (10 inches) above ground 
level, and five consecutive plants (omitting the end plant) were pulled. 
When possible, only competitive plants were used to measure pulling re­
sistance. The root-pulling device consisted of a clamp and reset scale, 
similar to one described by Rogers et al. (1976), attached to a tractor-
mounted hydraulic arm. Plants were pulled by clamping the cut stalks near 
ground level and raising the arm. The kilograms of force required to ex­
tract the root system from the soil were recorded on the scale. Descrip­
tions of the seven traits measured are as follows, with abbreviations to 
be used in subsequent discussions of each trait given in parentheses; 
Table 3. Experiment numbers, planting densities, and dates of planting, root pull, and harvest for 
Sg and testcross experiments grown in 1981, 1982, and 1983 
Material Planting Planting Root pull Harvest 
Experiment evaluated date density date date 
81041 (Ames, 1981) Sg lines 4/23/81 54,973 plants/ha 10/15/81 
81042 (Ankeny, 1981) Sg lines 4/27/81 54,973 plants/ha 10/20/81 
81043 (Martinsburg, 1981) Sg lines 5/08/81 54,973 plants/ha 10/26/81 
82041 (Ames, 1982) testcrosses 4/23/82 62,143 piants/ha 10/05/82 
82042 (Ankeny, 1982) testcrosses 5/04/82 62,143 plants/ha 10/18/82 
82043 (Martinsburg, 1982) testcrosses 5/12/82 62,143 piants/ha 11/05/82 
83041 (Ames, 1983) testcrosses 4/26/83 62,143 plants/ha 09/29/83 
81-CB (Ames corn borer, 1981) Sg lines 5/01/81 56,173 piants/ha 8/10-8/12/81 
82-CB (Ames corn borer, 1982) testcrosses 4/30/82 56,173 plants/ha 8/06-8/08/82 
83-CB (Ames corn borer, 1983) testcrosses 5/13/83 56,173 plants/ha 8/10-8/12/83 — — 
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1) stand (STAND), recorded as number of plants per plot and ex­
pressed as a percentage by dividing by the number of seeds 
planted per plot; 
2) root lodging (RTLDG), recorded as the number of plants per plot 
leaning 30° or more from perpendicular and expressed as a per­
centage of stand; 
3) stalk lodging (STKLDG), recorded as the number of plants per plot 
broken below the ear and expressed as a percentage of stand; 
4) dropped ears (DRPEARS), recorded as the number of ears per plot 
on the ground just prior to harvest and expressed as a percentage 
of stand; 
5) grain yield (YIELD), recorded as the total amount of shelled 
grain harvested per plot by the combine and expressed as quintals 
per hectare adjusted to 15.5% grain moisture; 
6) grain moisture (MOIST), recorded and expressed as the percent 
moisture content of the grain at harvest as measured by a port­
able moisture meter on the combine; 
7) root pull (RPULL), recorded and expressed as the average number 
of kilograms force (mean of five consecutive plants per plot) 
required to extract a root system from the soil. 
Statistical Procedures 
Missing plots existed for two entries in the testcross experiments in 
1982 due to failure of the S^ lines involved to produce testcross seed the 
previous year. Check hybrids (B73 x Moi?) and (B84 x Mol7) were planted 
in these plots in the trials to provide competition to testcross plots on 
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either side. Data for the missing entries in 1982 were available from the 
testcross experiment at Ames in 1983. These data were used to estimate 
trait values for the missing plots in 1982 using the following formula: 
h5 - ® 3 
A 
where = estimated value for the ith entry in the jth set in 1982; 
Y . = mean over all entries in the jth set in 1982; 
• J 
and d = (Y.. - y' .)/ y'. 
•J "J 
= deviation of observed 1983 value of trait from 1983 trait 
mean for all other entries in the set, expressed as a 
percentage of the set mean; 
where Y^^ = observed value for ith entry in jth set in 1983; 
—I 
and Y . = mean over all entries except the ith in jth set in 1983. 
• J 
Estimated values were used in place of the check hybrid values in all 
analyses. It is recognized that the estimates are based upon performance 
of the entry in 1983 relative to performance of all other entries in the 
same set that year. Actual performance of the missing entry in 1982 rel­
ative to other entries in the set would not realistically be expected to 
perfectly parallel its performance in 1983 since different environments 
were involved. Due to the very low amount of missing data (0.5%), how­
ever, it was felt that the use of the estimates was preferable to elimi­
nating the entries entirely, and would have very little effect on variance 
component estimation. Both missing entries were visual selections and 
their deletion would have resulted in an unbalanced number of entries in 
46 
the main plots. Means of the two entries for which estimates were calcu­
lated were not used when making selections for recombination. 
The analysis of variance for each set (Table 4) was performed using 
the following linear additive model: 
^ijk = ^ + Tj + (BT)ij + (G/T)^j + e^j^; 
where ^ijk " observed value of the kth genotype within the jth selec­
tion type in the ith replication; 
p = overall mean; 
= effect of the ith replication, i = 1, 2; 
Tj = effect of the jth selection type, j = 1, 2; 
(RT)^j = effect of the interaction between the ith replication 
and jth selection type = error a; 
(G/T), . = effect of the kth genotype entry within the jth selection 
type, k = 1, 2, ..., 20; 
and ®ijk " experimental error = error b. 
Analyses of variance were performed separately for the visual selections 
and random selections in order to separate entry and error b sums of 
squares due to each group of entries from the overall entry and error b 
sums of squares. This subdivision of sums of squares is shown in Table 4. 
Stand counts were made on all plots for use in calculating percentage 
root and stalk lodging and dropped ears, and also for possible use as a 
covariate to adjust for differences in grain yield due to stand variation, 
since plots were not overplanted and thinned to a common stand. Adjust­
ment of a variable Y by use of a covariate X when X values vary signifi­
cantly is valid only when variation in X is not due to treatment effects 
Table 4. Analysis of variance for an individual set 
Source df^ MS E(MS) 
Replications (r-1 ) 
Types (t-1 ) + 
'•"g/t + ga^ + rgKy 
®A ^ 
Rep X type (error a) (r-1)(t-1) 
"3 + < 
Entries/types (g-1)t 
"'In 
Visual selections (VS) (g-1 ) 
^21 
Random selections (RS) (g-1 ) 
"22 % < 
Error b {r-1)(g-1 )t 
^1 ®B 
VS error b (r-1)(g-1) 
"11 
RS error b (r-1)(g-1) 
^12 
'«2 
Total rtg-1 
^r,t,g = number of replications, selection types, and genotypes within selection types, 
respectively. 
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(Steel and Torrie, 1980). In this case, adjustment of grain yield (Y) by 
use of the covariate stand (X) would be valid only if observed stand vari­
ation was not due to genotypic effects. Analyses of variance for yield 
and stand and an analysis of covariance for the two variables were per­
formed for each set in each experiment. Where stand varied significantly 
(P ^  0.05), the covariance analysis was used to remove bias from observed 
yields due to stand variation. 
The covariance analysis is shown in Table 5. The error regression 
coefficient of yield on stand (by^) for each set was calculated from the 
sums of squares and cross products (Steel and Torrie, 1980) as 
^YX " ^YX^^XX' 
where = error sum of products for Y (yield) and X (stand), 
and = error sum of squares for X (stand). 
Each regression coefficient was tested to determine if b^^ was signifi­
cantly different from zero as shown in LeClerg et al. (1962). A sum of 
squares due to linear regression of yield on stand (SS^^^^) was calculated 
as 
SSRegr = 
and a sum of squares due to deviations from linear regression (SS^^^) was 
calculated as 
^^Dev " ^YY " ^ ^Regr' 
where E^y = error sum of squares for Y (yield). The significance of the 
error regression coefficient, b^^, was then tested as an F-test in an 
analysis of variance (Table 6). If the F-test was significant at the 0.05 
Table 5. Analysis of covariance for an individual set for YIELD (Y) and STAND (X) 
Source df 
Sums of squares 
YIELD (Y) STAND (X) 
Sum of 
products (YX) 
Replications 
Types 
Rep X type (error a) 
Entries/types 
Error b 
Total 
(r-1) 
(t-l) 
(r-1)(t-1) 
(g-l)t 
(r-1)(g-1)t 
rtg-1 
YY 
YY 
RT. 
YY 
YY 
YY 
XX 
XX 
RT 
XX 
XX 
XX 
R YX 
YX 
RT. 
YX 
YX 
YX 
Table 6. Analysis of variance for testing error regression coefficient (b^^) 
Source df Sums of squares Mean squares 
Due to regression 1 ^^Regr ^1 
Deviations from regression 37 ^^Dev ^2 
Total 38 E^ 
50 
level of probability, the observed yields of the set were adjusted to a 
common stand. Individual plot yields were adjusted as follows (LeClerg 
et al., 1962; Kevern, 1981): 
Yi = Yi - - X); 
where Y^ = adjusted yield (q/ha) of the ith plot; 
Y^ = observed yield (q/ha) of the ith plot; 
= observed stand of the ith plot; 
X = stand mean of the set; 
and by^ = error regression coefficient of yield on stand. 
Yield adjustment of stand was done on 4 of 30 sets in the experi­
ments (1, 3, and 0 sets in experiments 81041, 81042, and 81043, respec­
tively) and 6 of 40 sets in the testcross experiments (3, 2, 0, and 1 sets 
in experiments 82041, 82042, 82043, and 83041, respectively). In sets in 
which yield adjustment was done, the degrees of freedom for error b and 
total sources of variation in the yield analysis were reduced by one in 
order to compensate for the error regression coefficient, b^^. Adjusted 
yields were used in subsequent analyses. 
The analysis of variance, pooled over sets, for each individual envi­
ronment (year-location combination) (Table 7) was performed using the 
following linear additive model: 
^IJkm = * * Si + + IT/S'ik * 
Table 7. Analysis of variance, pooled over sets, for an individual experiment 
Source df& MS E(MS) 
Sets (S) (s-1 ) 
Reps/S (r-1 ) s 
Types/S (T/S) (t—1 ) s M, ''''G/T + + rgK^  
Error a (r-1)(t-1)s M3 
®B 
2 
+ go 
Entries/T/S (g-l)st 
^2 
cr^ + 
®B r'G/T 
Visual selections (VS)/S (g-1)s 
"21 
. '=1 
Random selections (RS)/S (g-1)s 
^22 
+ 
% 
Error b (r-1)(g-1)st Ml ®B 
VS/S error b (r-1)(g-1)s 
"11 
'Bl 
RS/S error b (r-1)(g-1)s 
^12 % 
Total srtg-1 
s,r,t,g = number of sets, replications, selection types, and genotypes within selection types, 
respectively. 
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where " observed value of the mth genotype within the kth selec­
tion type within the jth replication within the ith set; 
p = overall mean; 
= effect of the ith set, i = 1, 2, ..., 10; 
(R/S).. = effect of the jth replication within the ith set, 
j = 1, 2; 
(T/S)ij^ = effect of the kth selection type within the ith set, 
k = 1, 2; 
(RT/S)^j^ = effect of the interaction between the kth selection type 
and the jth replication within the ith set = error a; 
(G/T/S)^j^ = effect of the mth genotype entry within the kth selection 
type within the ith set, m = 1, 2, 20; 
and ®ijkm ~ experimental error = error b. 
The analysis of variance, pooled over sets and combined over environ­
ments (Table 8), was performed using the following linear additive model: 
'ijimn = ^ * Si » Sj + 'GS'lj * 'T/S'jm * 
* I'T/ES'ljkm + IC/T/S'jmn * 'BC/T/S'ljmn " 
where ^iji^nn " observed value of the nth genotype within the mth selec­
tion type within the kth replication within the jth set 
in the ith environment; 
fi = overall mean; 
= effect of the ith environment, i = 1, 2, 3 for experi­
ments and i = 1, 2, 3, A for testcross experiments; 
Sj = effect of the jth set, j = 1, 2, 10; 
Table 8. Analysis of variance, pooled over sets and combined over environments 
Source df^ MS E(MS) 
Environments (E) (e-1) 
Sets (3) (s-1) 
E X S (e—1)(s—1 ) 
Replications/ES (r-l)es 
Types/S (T/S) (t-1)s + rea^y^ + gcr^ + rgo^^ + regK^ 
E X types/S (e-1)(t-1)s + ro^^y^ + gcr^ + rga|^ 
2 2 Pooled error a (r-1)(t-1)es M, o + + gcr 
Entries/T/S (g-Dst + rOg^y^ + reo^y^ 
Visual selections (VS)/S (g-1)s M_. + ro^_ + rea^ 
31 eg^ EG^ 
Random selections (RS)/S (g-1)s M_„ + ra^ + recr^ 
eg^ EGg Gg 
E X entries/T/S 
E X VS/S 
E X RS/S 
Pooled error b 
Total 
(e-1)(g-1)st 
(e-1)(g-1)s 
(e-1){g-1)s 
(r-1)(g-1)est 
estrg-1 
^e,s,r,t,g = number of environments, sets 
selection types, respectively. 
M, + '•"eg/t 
M. 21 
M, 22 
replications, selection types, and genotypes within 
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(ES)^j = effect of the interaction between the ith environment 
and the jth set; 
(R/ES)^j^ = effect of the kth replication within the ijth environ­
ment-set combination, k = 1, 2; 
(T/S)j^ = effect of the mth selection type within the jth set, 
m = 1, 2; 
(ET/S).. = effect of the interaction between the ith environment ijm 
and the mth selection type within the jth set; 
(RT/ES)^j^^ = effect of the interaction between the kth replication 
and the mth selection type within the ijth environment-
set combination = pooled error a; 
(G/T/S)j^^ = effect of the nth genotype within the mth selection type 
within the jth set, n = 1, 2, 20; 
(EG/T/S).. = effect of the interaction of the ith environment and the ijmn 
nth genotype within the mth selection type within the 
jth set; 
and ®iji<mn ~ experimental error = error b. 
In all analyses in which they appeared, environments, sets, replica­
tions, and genotypes were considered random effects, and selection types 
were considered fixed effects. The expectations of mean squares for the 
mixed model for an individual set, for the analysis pooled over sets in 
one environment, and for the analysis combined over environments are shown 
in Tables 4, 7, and 8 respectively. 
Analyses of variance for individual environments were performed using 
plot values. The combined analyses were performed using entry means from 
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each environment, and pooled error a and error b mean squares were calcu­
lated by adding their respective sums of squares for each environment and 
dividing by their respective total error degrees of freedom. Error b 
terms for all traits except YIELD were found to be heterogeneous among 
environments for both lines and testcrosses by use of a Bartlett's 
test (Steel and Torrie, 1980). Error a terms were heterogeneous among 
environments for MOIST, STKLDG, and DRPEARS for the S^ lines and for MOIST, 
STKLDG, RTLDG, and DRPEARS for the testcrosses. Bartlett's test is sensi­
tive to nonnormality, however (Steel and Torrie, 1980), which may have 
affected the test for some traits. To the extent that error terms were 
truly heterogeneous, tests of significance may not be at the exact level 
of probability stated; e. g., 0.05 or 0.01. 
In the analyses of variance for individual environments (Table 7), 
the entries/type source of variation (Mg) was tested for significance 
against error b (M^), and the visual selections (M^^) and random selec­
tions (Mgg) sources were tested against their respective error b terms 
(M^^ and M^g)- The error a source (M^) was also tested against error b 
(M^). A direct F-test was not possible to test the types/sets source of 
variation (M^). An approximate F-test, developed by Satterthwaite, was 
calculated as follows (Steel and Torrie, 1980): 
F = M^ + M^ 
"3 * "2 
= + '•"G/T * «"e, + ''«4 
* '•"o/T * 8'e, 
Approximate numerator (N) and denominator (D) degrees of freedom were 
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calculated as follows (Steel and Torrie, 1980) 
N df = (M^ + )2 
+ (M^)2 
and D df = (M^ + 
(M])^ + (Mg)^ 
In the analyses of variance combined over environments (Table 8), the 
environment x entries/type (Mg), environment x visual selections (Mg^), 
environment x random selections (Mgg), and pooled error a (M^) sources of 
variation were tested against pooled error b (M^). The entries/type (M^), 
visual selections (M^^), and random selections (M^g) sources of variation 
were tested against the environment x entries/type (M^), environment x 
visual selections (K^^), and environment x random selections (Mgg) sources 
of variation, respectively. Direct F-tests were not possible to test the 
types/sets (M^) or environment x types/sets (M^) sources of variation. An 
approximate F-test for use in testing was calculated as follows: 
f' = (M^ + ) 
«4 * «2' 
= 2"! S'e, * "EG/T * rs'ET 
D R 
Z'eg * " r'cC/T 
Approximate numerator and denominator degrees of freedom were constructed 
as follows: 
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N df = (My + 
(Mg)2 + (M^ 
and D df = (M^ + Mg)^ 
(M^)2 + (Mg)^ 
% % 
An approximate F-test for use in testing Mg was calculated as 
(Mg + M^) 
(Mç + M^) 
Z'eg " 2r°EG/T 
2 
+ sffg + r=*G/T + rga^T 
2'eg " ^'•"EG/T 
2 
+ gCT + 
®A 
rs*G/T + rgffgT 
4 
and approximate numerator and denominator degrees of freedom were con­
structed as 
N df = (Mg + Mg)^ 
(Mg)2 + (Mg)^ 
and D df = (M^ + M_)^ 
b J 
(Mg)2 + (Mg)^ 
Genotypic variance components were estimated among visual and among 
random selections, and for the environment x visual and environment x 
random selections interactions. Estimates were calculated by equating 
observed mean squares to their expected values to obtain a series of 
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linear equations (Hallauer and Miranda, 1981) and then solving the appro­
priate linear equations. Variance components from individual experiments 
(Table 7) were estimated as follows: 
% 7 '"21 - "ii'' 
AP 1 
and cTQ = - (Mgg - M^g). 
Variance components from the combined analyses of variance (Table 8) 
were estimated as follows ; 
" rë ^^31 ~ ^ 21^' 
" re "^32 " ^22^' 
°EG^ " 7 (^^1 ^1^' 
= 7 (^22 - Ml); 
where = estimated genotypic variance among visually selected 
entries; 
ffp = estimated genotypic variance among randomly selected 
. 2 
entries; 
OgQ = estimated environment x visual selections interaction; 
ffgQ = estimated environment x random selections interaction; 
e = number of environments (3 for lines and 4 for test-
crosses ) ; 
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and r = number of replications = 2. 
Standard errors (SE) for the variance component estimates were calcu­
lated using the following formula (Anderson and Bancroft, 1952); 
SB 1.2, = 4 E -
1' - c2 , ' 
where MS^ = kth mean square; 
df^ = degrees of freedom associated with kth mean square; 
and c = coefficients preceding the variance components in the 
mean square expectations. 
Variance components were considered significant if they were at least 
twice as large as their standard errors. 
The genetic intrepretation of estimates of genotypic variance com­
ponents for among-visual and among-random selections, and their respective 
interactions with environments, differ for S^ lines and testcrosses. Ge­
netic variance among inbred lines at the nth generation of inbreeding 
2 (tr ) was shown by Horner et al. (1969) to be: 
n 
cTg = [2pq(1 + F)]{a + (1/2)d(q - p)[(1 - F)/(1 + F)]}^ 
n p 
+ pq(p + Fq)(q + Fp)[(1 - F)/(1 + F)]d 
for a one-locus model with two alleles, 
where p = frequency in the population of allele at the locus, 
where A^ is the allele that increases genotypic value; 
q = frequency in the population of allele A^ at the locus; 
a = average difference between genotypic values of the two 
homozygotes measured from the mid-homozygote point 
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= [{A^A^ - A2A2)/2]; 
d = dominance deviation 
= AyAg - C(A^A^ + AgAgl/Z]; 
and F = inbreeding coefficient of plants. 
Assuming no epistasis and independent assortment of all alleles 
affecting the trait in question, the one locus model can be extended to 
many loci by summation over the loci. Given this model, the genetic var-
2 iance among S lines (ct_ ) can be expressed as the following; 
2 Sg 
o-q = 3pq[a + (1/2)d(q - p)(1/3)]^ + (3/l6)pqd^. [1] 
^2 
2 P 
Falconer (I960) has shown that the additive (o^) and dominance (o^) 
variances can be expressed as: 
= 2pq[a + d(q - p)]^; [2] 
and cTp = (2pqd)^. [3] 
When p = q = 0.5, the expressions for the additive and dominance 
variances become 
= (1/2)a^; [4] 
and = (1/4)d^. [5] 
Examination of Eq. [1] shows that the genetic variance among lines 
can be translated into additive and/or dominance variance only if p = q = 
0.5 or d = 0. If p = q = 0.5, then Eq. [1] becomes 
(3/4)3^ + (3/64)d^ 
which, by reference to Eqs. [4] and [5], can be shown to be equal to 
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(3/2)ffJ + (3/16)0^. 
2 If d = 0, then the genetic variance among lines equals (3/2)cr^. 
2 Genetic variance among testcrosses (o^^) to an unrelated tester 
depends upon gene frequencies in both the population and tester and the 
level of dominance. Again, considering a one locus model, which can be 
extended to many loci by summation over the loci if epistasis and linkage 
are ignored, genetic variance among testcrosses is {Rawlings and Thompson, 
1962; Hallauer and Miranda, 1981); 
= (1/2)pq(1 + F)[a + d(s - r)]^ [6] 
where p, q, d, and a are as previously defined and 
F = inbreeding coefficient of plants crossed to the tester; 
r = frequency in the tester of allele at the locus, where 
A^ is the allele that increases genotypic value; 
and s = frequency in the tester of allele A^ at the locus. 
If the tester is a single-cross of two highly-inbred lines, r at a 
locus must be 0.0, 0.5, or 1.0. If p = q = 0.5 in the population under 
test and r = s = 0.5 in the tester, then Eq. [6] becomes 
= (3/16)a^ [7] 
for testcrosses of plants (F = 0.5). By reference to Eqs. [4] and 
2 [6], Eq. [7] can be shown to equal (3/8)a^ of the reference population 
for any level of dominance, if p = r = 0.5. In fact, so long as p in the 
population equals r in the tester, genetic variance among testcross prog-
2 
enies will equal { 3 / 8 ) a ^  of the reference population. For this reason, 
use of the population as tester ensures that variance among testcrosses is 
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always a given fraction of the additive variance present in the reference 
population, regardless of gene frequency or level of dominance. When an 
unrelated tester is used, as in the present study, the fraction of the 
additive genetic variance in the reference population which is represented 
by the variance among testcross progenies varies with gene frequencies and 
the level of dominance. Thus, assumptions regarding these variables must 
be made to translate genetic variance among testcross progenies to addi­
tive genetic variance of the base population. Assumptions about gene 
frequency or level of dominance are similarly needed when considering the 
variance among lines, as explained earlier. 
Gene frequencies and the level of dominance at each locus in Lancas­
ter Composite are unknown. Therefore, to translate the genetic variance 
among lines into the additive genetic variance present in Lancaster 
Composite, the reference population, the following assumptions were made: 
a) p = q = 0.5 in Lancaster Composite, b) no epistasis, and c) linkage 
equilibrium. To translate the genetic variance among plant testcrosses 
to additive variance, the additional assumption (d) was made that the av­
erage gene frequency in the tester was r = s = 0.5. To the extent that 
these assumptions are violated, estimates of additive genetic variance 
will be incorrect. These assumptions allow any level of dominance, and 
are more realistic than considering the level of dominance at all loci to 
be zero. 
Using these assumptions, genetic variance among visually selected and 
randomly selected and testcross entries from both individual and com­
bined experiments was translated to additive genetic variance estimates. 
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For Sg entries, the estimates were calculated as 
= (2/3)0^ ± (2/3) SE Og. 
2 
The (3/16)crp dominance bias due to dominance effects was ignored, but her-
itabilities and genetic gains must be considered biased to the extent that 
dominance effects are present. The true extent of the bias is unknown but 
would be small relative to variance due to additive effects. For test-
cross entries, the additive variance estimates were calculated as 
= (8/3)0g ± (8/3) SE ffg 
where for visually selected entries and for randomly 
. g gi gg 
selected entries (Tables 7 and 8). 
Estimates of additive genetic x environment interaction variance were 
calculated from the analyses of combined experiments. S^ lines estimates 
were calculated as 
"^EA ~ (2/3)OgQ i (2/3) SE 
For testcross entries, estimates were calculated as 
"L = - '8/3' 
where CT™ = ffno for visually selected entries and for randomly 
DU 
selected entries (Table 8). 
Additive and additive x environment variance component estimates from 
the randomly selected entries were considered to be estimates of Lancaster 
Composite parameters. Although entries from Lancaster Composite, Lancas­
ter Composite A, and Lancaster Composite B were grown, the majority were 
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from Lancaster Composite and Lancaster Composite A. These populations 
are very closely related (Table 2). Because estimates of population pa­
rameters are more reliable when larger numbers of entries are evaluated, 
genetic variance among entries from each of the three subpopulations was 
not calculated separately. Rather, variance among all random entries was 
calculated and considered to be a valid estimate of the genetic parameters 
of Lancaster Composite as the reference population. Variance component 
estimates for the visually selected and randomly selected entries were 
considered to be significantly different from each other if the range of 
estimates, plus or minus twice their standard errors, did not overlap. 
A? 
Heritability estimates (h ) for all traits were calculated separately 
for visually and randomly selected and testcross entries. Heritability 
for individual experiments was calculated as 
A2 
= G 
2 
e A2 
where for visually selected entries and for randomly G G^ 
selected entries; 
2 2 2 
a = a for visually selected entries and a for randomly 
e eg 
selected entries (Table 7); 
and r = number of replications =2. 
These estimates are biased by genotype x environment interaction. 
Estimates free of this bias were calculated from combined experiments as 
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A2 
"Fi + — + 
where = a? for visually selected entries and for randomly 
G Gg 
selected entries; 
for visually selected entries and for randomly 
bu 2 
selected entries; 
2 
cTg = pooled experimental error (Table 8); 
e = number of environments = 3 for experiments and 4 for 
testcross experiments; 
and r = number of replications = 2. 
Phenotypic (r^) and genotypic (r^) correlation coefficients among 
traits of lines and among traits of testcrosses were calculated sepa­
rately for visually and randomly selected entries from combined analyses 
according to the following formulae (Mode and Robinson, 1959): 
r = ^ • 
and r = 
p X S I  r'z ' 
1 J 
where a _ = phenotypic covariance between trait i and trait j; 
i j 
= phenotypic variance of trait i; 
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cr = phenotypic variance of trait j ; 
j 
ffp „ = genetic covariance between trait i and trait j; 
i j 
= genetic variance of trait i; 
i 
and Og = genetic variance of trait j. 
Estimates of phenotypic and genotypic covariance between traits were 
calculated from an analysis of covariance in a manner similar to that in 
which estimates of genetic variance were calculated from Table 8. The 
analysis of covariance had the same form as the analysis of variance in 
Table 8, except that the variances in the expected mean squares were re­
placed by covariances in the expected cross products. 
Simple (Pearson product-moment) correlations were calculated for 
identical traits among experiments, among testcross experiments, and 
among and testcross experiments. Simple correlations were also calcu­
lated between S^ traits and testcross yield for each experiment. Corre­
lations were calculated using entry means from individual environments. 
The covariances used to calculate the simple correlations were obtained 
and were used to estimate genotypic correlations between S^ and testcross 
traits in the following manner. Because S^ and testcross experiments were 
grown in different environments (year-location combinations), and environ­
ments were considered random, simple covariances between S^ and testcross 
means can be considered to be genotypic covariances. This can be demon­
strated as follows. The models for S^ and testcross phenotypes from indi­
vidual environments can be expressed as 
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% = V 
^TC ~ °TC ^TC' 
where P is the phenotypic value, G is the genetic effect (with which any 
genotype x environment interaction effect is confounded), and E is the 
environmental or error effect (Falconer, I960; Casier, 1982). Covar-
iance between and testcross phenotypic values, using these models, 
is 
= '=°'' Gs^ Gic * =s/ic + Gs^ Gic-
Because entries were randomized in each environment, the last three covar-
iance terms equal zero since genotypic and environmental effects are un-
correlated (Falconer, I960). Therefore, 
P = G • 
Sg TC Sg TC 
Estimates of genotypic correlations were calculated as 
^  [ 8 ]  
where _ is the covariance between S„ and testcross values, and 
and 0^ are the genetic variance components calculated from the appro-
TC 
priate and testcross experiments, respectively. To the extent that 
environments were not truly random, these covariances and their corre­
sponding genetic correlation coefficients would be biased. 
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Simple and genotypic correlations were calculated among and test-
cross entry means from combined experiments. In this case, the models for 
Sg and testcross phenotypes are 
P = G + EG + E ; 
2 2 2 2 
and ®TC' 
where G, EG, and E represent the genotypic, genotype x environment inter­
action, and error or environment effects, respectively. Covariance 
between and testcross phenotypes, using these models, is (Casier, 
1982) :  
CovPg^^,c = CovC^,^G^ + (%,v + Cov(^^E^ + Mlg^G^ + 
(%v + CovEGg^^,c + CovEg^l^ + Cov + 
Gov Eg^E^c. 
All covariance terms except Gov G„ G „ and Gov EG EG are expected to 
• 2 2 
equal zero because entries were randomized in each environment, causing 
genotypic and environmental effects to be uncorrelated. Because and 
testcross entries were evaluated in different environments. Gov EG EG „ 
2 
is also expected to equal zero (Casier, 1982). Therefore, genotypic 
correlations were calculated using Eq. [8], where „ equals the 
TC 
covariance between S„ and testcross entry means and and equal 
2 °TC 
the genetic variance estimates from combined and testcross experiments, 
respectively. Simple and genotypic correlation coefficients were calcu­
lated separately for visually selected and randomly selected entries. 
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All simple and phenotypic correlation coefficients were tested for 
significance. Calculated t values were obtained as 
r t = 
[{1 - r^)/(n -
and were compared with tabular values of Student's t for (n - 2) degrees 
of freedom (Steel and Torrie, 1980). Differences between simple or pheno­
typic correlation coefficients from the visually and randomly selected en­
tries were tested by conversion of the r values to Z's, and the Z' values 
were used to calculate a Z value for comparison to tabulated values in a 
normal table (Steel and Torrie, 1980). 
Estimates of genetic gain per year for direct selection-for a trait, 
and correlated responses in other traits, were calculated separately for 
visually and randomly selected entries. Gain from selection for trait i 
among S^ lines, with recombination of S^ seed, was calculated as (Hallauer 
and Miranda, 1981 ) 
AG. = 
kcOg 
°i 
1 / 2  
A2 
re + e + '^G.J 
kc(3/2)aa 
^i 
[ 9 ]  
1 
re 
(3/2)S:A. 
+ (3/2)4^. 
T72 
Correlated response in trait j from direct selection for trait i was cal­
culated as 
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CR. = 
, A 
'"'l A2 
Lre + e G^J 
1 / 2  [ 1 0 ]  
kc{3/2)ff 
A,A. 
re 
+ (3/2)0^ A2 
1 / 2  
i-' 
where k = 1.65, corresponding to a selection intensity of 12.5%, c = 
parental control factor = 1, and other variables are as previously de­
fined. Gain from selection among testcrosses with recombination of selfed 
seed was calculated using Eq. [9]. In the case of testcrosses, Eq. [9] 
becomes 
AG. = 
k(2)(3/8)af 
^i 
1 
Lre 
1 / 2  
where c = 2 to take into account recombination of selfed seed. Correlated 
response was calculated using Eq. [10] which equals 
k(2)(3 /8)0  
CRj = 
®i 
re ET--^ + 
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Gain and correlated responses from selection among lines and test-
crosses were based on three and four evaluation environments, respectively. 
Smith-Hazel and rank summation selection indices were used to select 
the best 50 of the 400 entries evaluated (selection intensity = 12.5%, 
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k = 1.65). Both indices were applied using a) line entry means, 
b) testcross (TC) entry means, and c) both and testcross entry means 
(S^-TC). Five traits (YIELD, MOIST, STKLDG, RTLDG, and RPULL) were used 
in each index. 
A Smith-Hazel index was used because estimates of phenotypic and 
genotypic covariances were available to construct phenotypic (P) and gen-
otypic (G) variance-covariance matrices for and TC indices. In the 
Smith-Hazel index, a genotypic score (H) is defined as 
n 
H = E a.G 
i=1 ^ 
where is a measure of the relative importance of the ith trait and G^ 
is the genotypic value of the ith trait, i = 1, 2, ..., n. Index values 
are calculated as 
m 
I = Z b.P. 
i=1 ^ 1 
where b^ = index weight for the ith trait and P^ = phenotypic value for 
the ith trait. The b values are solved in such a way that the correlation 
between H and I is maximized (Smith et al., 1981). The b values for each 
Smith-Hazel index were calculated as 
b = P~^Ga 
where b = vector of m index weights; 
P~^ = inverse of phenotypic variance-covariance matrix; 
G = genotypic variance-covariance matrix; 
and a = vector of economic weights. 
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The a values chosen for YIELD, MOIST, STKLDG, RTLDG, and RPULL were 1.0, 
-1.0, -0.5, -0.5, and 0.25, respectively. 
Only one type of covariance estimate between and testcross traits 
was available, as described earlier, because Gov P P can be considered 
equivalent to Gov G„ G . This covariance, calculated from entry means, 
Og iO 
was used in both the P and G matrices for the S^-TC index. 
Estimated gains for each trait from each Smith-Hazel index were cal­
culated as (Grosbie et al., 1980): 
AG = --fb'c 
(b Pb)T/2 
I 
where b = transpose of vector of economic weights, and other variables 
are as described earlier. Estimated gains and correlated responses for 
single-trait index selection were also calculated using this formula with 
b values derived by setting a equal to 1.0 for the trait under selection 
(primary trait) and to 0.0 for all other traits (secondary traits). 
The rank summation index (I) was of the form 
n 
I = E R. 
i=1 1 
where R^ = rank of the ith trait, i = 1, 2, ..., n (Mulamba and Mock, 
1978; Smith et al., 1981). This index was used to make selections with­
out use of variance and covariance information. It was not possible to 
obtain predicted gains for the rank summation index. 
74 
RESULTS 
Effects of Visual Selection 
Sg lines 
The combined analyses of variance for the line experiments grown in 
1981 are presented in Table 9. Significant differences (P £ 0.05) between 
the means of the visually and randomly selected groups of lines existed 
only for YIELD and STAND. Visual selection successfully chose a group of 
lines with mean YIELD and STAND 1.69 q/ha and 2.58% greater, respectively, 
than that of the random lines (Table 10). Other differences between se­
lection type means, while not significant, were generally in the direction 
expected. Mean STKLDG and RTLDG of the visually selected lines was 2.38% 
and 0.07% less, respectively, than that of the random lines, while mean 
MOIST and DRPEARS was 0.66% and 0.09% greater, respectively, for the vis­
ually selected lines (Table 10). RPULL was evaluated in only one environ­
ment and thus was not included in the combined analysis. 
The environment x selection type interaction mean squares were non­
significant for all traits (Table 9), showing that selection type means 
changed little relative to one another across environments. Variation 
among lines for each trait was highly significant (P _< 0.01), as was 
the environment x S^ lines interaction (Table 9). Partitioning of the 
entries sum of squares for each trait into variation among visually se­
lected and among randomly selected lines revealed highly significant dif­
ferences among lines within each selection type for all traits except 
DRPEARS in the randomly selected group, where a significant difference 
Table 9 . Analyses of variance combined over environments, means, and 
coefficients of variation (C.V.) for traits measured in S 
experiments at Ames, Ankeny, and Martinsburg in 1981 
Source df YIELD& MOIST 
Environments (E) 2 283.22 23635.12 
Sets (S) 9 1451.85 115.94 
E X S 18 371.95 53.74 
Reps/ES 30 167.84 17.50 
Types/S (T/S) 10 1552.35* 65.91 
E X types/S 20 130.36 18.11 
Pooled error a 30 110.80** 10.16** 
Entries/T/S 380 580.20** 33.77** 
Visual selections (VS)/S 190 581.93** 34.98** 
Random selections (RS)/S 190 578.46** 32.56** 
E X entries/T/S 760 77.33** 8.76** 
E X VS/S 380 78.11** 9.15** 
E X RS/S 380 76.55** 8.38** 
Pooled error b 1140 44.16^ 4.58 
Total 2399 
Mean 
C.V. (%) 
30.26 
22.0 
24.64 
8.7 
^YIELD, MOIST, STKLDG, RTLDG, DRPEARS, and STAND are grain yield 
(q/ha), grain moisture at harvest (%), stalk lodging {%), root lodging 
(%), dropped ears (%), and stand count (%), respectively. This nota­
tion is used in subsequent tables. 
^Error b contained 1136 df for YIELD. 
* ** 
' Significant at the .05 and .01 probability levels, respectively. 
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Mean squares 
STKLDG RTLDG DRPEARS STAND 
193579.30 287.77 234.066 2278.20 
3566.99 293.21 22.569 2892.78 
1404.63 66.86 21.903 2281.37 
167.48 36.48 4.567 209.87 
1371.64 101 .10 9.663 1483.72* 
445.61 28.56 5.001 186.75 
144.55* 14.30 4.260** 92.88 
1071.00** 140.52** 4.614** 562.03** 
975.58** 167.99** 5.226** 366.13** 
1166.42** 113.05** 4.002* 757.93** 
311.01** 34.46#* 2.908** 91.43** 
285.72** 28.89** 2.719* 92.87** 
336.30** 40.03** 3.097** 89.99** 
91.67 17.10 2,190 65.09 
16.67 2.32 0.59 79.73 
57.4 178.2 248.7 10.1 
Table 10. Means of selection types, 
selection types, for trai 
Martinsburg in 1981 
Combined 
Trait VS^ RS 
YIELD 
Mean 31.10 29.41* 
Minimum 1.80 5.35 
Maximum 84.67 73.67 
Range 82.87 68.32 
MOIST 
Mean 24.97 24.31 
Minimum 16.00 16.20 
Maximum 40.00 40.00 
Range 24.00 23.80 
STKLDG 
Mean 15.48 17.86 
Minimum 0.00 0.00 
Maximum 100.00 98.81 
Range 100.00 98.81 
RTLDC 
Mean 2.28 2.35 
Minimum 0.00 0.00 
Maximum 59.15 56.73 
Range 59.15 56.73 
DRPEARS 
Mean 0.64 0.55 
Minimum 0.00 0.00 
and minimum and maximum values and ranges of entry means within 
s measured in experiments conducted at Ames, Ankeny, and 
81041 81042 
VS RS VS RS 
81043 
VS RS 
31.08 29.16 31.74 
5.33 5.35 3.41 
70.57 69.24 74.42 
65.24 63.89 71.01 
31.24 30.04 23.39 
21.05 18.85 17.60 
40.00 40.00 29.15 
18.95 21.15 11.55 
4.30 4.99 10.43 
0.00 0.00 0.00 
44.53 68.79 76.28 
44.53 68.79 76.28 
2.66 3.20 2.54 
0.00 0.00 0.00 
47.44 49.70 59.15 
47.44 49.70 59.15 
0.29 0.24 0.37 
0.00 0 .00 0 .00 
30.08 30.47 29.01* 
7.90 1.80 6.28 
62.47 84.67 73.67 
54.57 82.87 67.39 
23.09 20.29 19.80 
17.40 16.00 16.20 
29.35 26.35 25.85 
11.95 10.35 9.65 
11.83 31.72 36.76 
0.00 0.00 0.00 
79.24 100.00 98.81 
79.24 100.00 98.81 
2.05 1.65 1.81 
0.00 0.00 0.00 
56.73 42.86 32.55 
56.73 42.86 32.55 
0.23 1.27 1.17 
0.00 0.00 0.00 
Maximum 14.35 13.94 5.99 4.17 6.67 3.85 14.35 13.94 
Range 14.35 13.94 5.99 4.17 6.67 3.85 14.35 13.94 
STAND 
Mean 81.02 78.44* 79.16 76.54 82.53 79.71* 81.36 79.07* 
Minimum 29.35 16.30 32.61 28.26 51.09 31.52 29.35 16.30 
Maximum 98.91 100.00 95.65 96.74 97.83 97.83 98.91 100.00 
Range 69.56 83.70 63.04 68.48 46.74 66.31 69.56 83.70 
RPULL^ 
MBCLO ——— —— 119*34 117*72 ——— 
Minimum ——— 63.00 45#50 ——— ——— 
Msximum 191 *00 230*50 —— —— —— —« 
Rsng© —— —— 128 «00 185*00 —— ——— ——— 
^VS and RS are visually selected and randomly selected entries, respectively. This notation 
is used in subsequent tables. 
"^YIELD in q/ha; MOIST, STKLDG, RTLDG, DRPEARS, and STAND in percent; and RPULL in kg. 
^Data taken in only one environment. 
s 
Selection type means differed at .05 probability level. 
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(P £ 0.05) existed. A similar partitioning of the environment x entries 
sum of squares for each trait into environment x visual selections and 
environment x random selections also showed that, with the exception of 
DRPEARS in the visually selected group, all environment x line interactions 
were highly significant in both groups. The magnitude of the environment x 
entries interaction mean squares was smaller than that of the entries mean 
squares. For DRPEARS, however, the interaction mean square was 52 and 77% 
of the entry mean squares for the visually and randomly selected lines, 
respectively. 
The lack of significance between selection type means in the combined 
analysis makes it of interest to examine these means in individual experi­
ments, to determine if certain environments might reveal differences be­
tween selection type means that were averaged out in the combined analysis. 
For YIELD, a significant difference existed only at Martinsburg (Tables 10 
and 11). Although differences between selection types at Ames and Ankeny 
were not significant, the visually selected group had greater YIELD than 
the randomly selected group in all experiments, revealing a consistent 
trend for the slight improvement of YIELD via visual selection (Table 10). 
The increase in YIELD for the visually selected lines ranged from 1.47 q/ha 
at Martinsburg to 1.92 q/ha at Ames. 
No significant differences existed between MOIST selection type means 
in any experiment (Table 12), but the visually selected group had greater 
MOIST in each experiment, ranging from 0.3% greater MOIST at Ankeny to 1.2% 
at Ames, which indicates that visual selection chose lines with slightly 
later maturity. The STKLDG type means also were not significantly differ­
ent in any experiment (Table 13), but a trend toward improved stalk lodging 
Table 11. Analyses of variance, means, and coefficients of variation (C.V.) for YIELD (q/ha) for 
individual experiments conducted at Ames, Ankeny, and Martinsburg in 1981 
Mean squares 
Source df 81041& 81042 81043 
Sets (S) 9 00
 
ro
 
o
 
306.23 1078.32 
Reps/S 10 173.22 243.67 95.64 
Types/S (T/S) 10 859.01 419.39 534.73* 
Error a 10 192.12** 76.11 64.16 
Entries/T/S 380 268.81** 218.29** 247.76** 
Visual selections (VS)/S 190 268.17** 221.64** 248.33** 
Random selections (RS)/S 190 269.45** 214.94** 247.18** 
Error b 380 32.48^ 56.20 43.82 
VS/S error b 190 32.89 55.65 41.84 
RS/S error b 190 31.87 56.74 45.81 
Total 799 
Mean 30.12 30.91 29.74 
C.V. (%) 18.9 24.3 22.3 
^81041, 81042, and 81043 are 1981 experiments at Ames, Ankeny, and Martinsburg, respectively. 
'^Error b contained 379 and 377 df in experiments 81041 and 81042, respectively. 
* ** 
' Significant at the .05 and .01 probability levels, respectively. 
Table 12. Analyses of variance, means, and coefficients of variation (C.V.) for MOIST (%) for 
individual S^ experiments conducted at Ames, Ankeny, and Martinsburg in 1981 
Mean squares 
Source df 81041 81042 81043 
Sets (S) 9 194.21 12.45 16.77 
Reps/S 10 39.70 8.49 3.97 
Types/S (T/S) 10 81.72 9.77 10.65 
Error a 10 24.59** 2.95 2.93 
Entries/T/S 380 32.56** 11.08** 7.66** 
Visual selections (VS)/S 190 34.33** 10.67** 8.27** 
Random selections (RS)/S 190 30.79** 11.48** 7.05** 
Error b 380 5.18 6.85 1.70 
VS/S error b 190 5.15 6.36 1.62 
RS/S error b 190 5.21 7.34 1.78 
Total 799 
Mean 30.53 23.24 20.04 
C.V. (%) 7.4 11.3 6.5 
** 
Significant at .01 probability level. 
Table 13. Analyses of variance, means, and coefficients of variation (C.V.) for STKLDG {%) for 
individual experiments conducted at Ames, Ankeny, and Martinsburg in 1981 
Mean squares 
Source df 81041 81042 81043 
Sets (S) 9 292.85 358.55 5724.85 
Reps/S 10 21.04 35.52 445.89 
Types/S (T/S) 10 • 72.27 399.47 1791.13 
Error a 10 12.48 83.41 337.75 
Entries/T/S 380 122.99** 327.36** 1242.67** 
Visual selections (VS)/S 190 90.24** 295.31** 1161.45** 
Random selections (RS)/S 190 155.74** 359.41** 1323.89** 
Error b 380 17.60 66.58 190.84 
VS/S error b 190 16.53 52.80 161.07 
RS/S error b 190 18.67 80.36 220.61 
Total 799 
Mean 4.64 11.13 34.24 
C.V. {%) 90.4 73.3 40.3 
** 
Significant at .01 probability level. 
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resistance for the visually selected group was established by the lower 
STKLDG present for that group in each experiment, ranging from 0.69% less 
at Ames to 5.04% less at Martinsburg (Table 10). No significant differ­
ences were present between selection type means for RTLDG or DRPEARS in any 
experiment (Tables 14 and 15). No trend for RTLDG means could be estab­
lished, but a trend for slightly greater DRPEARS for the visually selected 
group was observed in all experiments (Table 10). 
Stand count data were collected mainly for use as a possible covariate 
for YIELD adjustment, and for calculation of other traits on a percent 
STAND basis. The analyses are presented, however, because in two of three 
Sg experiments mean STAND of the visually selected lines was significantly 
greater than that of the randomly selected lines (Table 16). At Ames, the 
only environment in which selection type means for STAND did not statisti­
cally differ, mean STAND of the visually selected group was greater than 
that of the randomly selected group. Visual selection has apparently been 
effective in selecting a group of S^ lines with slightly superior mean 
STAND in comparison to random selection; this superiority ranged from 2.29% 
at Martinsburg to 2.82% at Ames (Table 10). 
Root pull data on S^ lines were gathered only at the Ames corn borer 
nursery. Selection type means did not differ significantly for RPULL 
(Table 17); mean RPULL of the visually selected group was only 1.62 kg 
larger than that of the random group (Table 10). No estimate of environ­
ment X selection type interaction for RPULL could be calculated due to the 
use of only one environment for RPULL measurement. 
Highly significant differences existed among S^ lines within both 
selection types for all traits in all experiments, with the exception of 
Table 14. Analyses of variance, means, and coefficients of variation (C.V.) for RTLDG (%) for 
individual experiments conducted at Ames, Ankeny, and Martinsburg in 1981 
Mean squares 
Source df 81041 81042 81043 
Sets (S) 9 117.24 228.29 81.39 
Reps/S 10 16.36 58.60 34.49 
Types/S (T/S) 10 80.08 45.21 32.92 
Error a 10 20.99 16.58 5.34 
Entries/T/S 380 80.42** 92.89** 36.13** 
Visual selections (VS)/S 190 73.88** 117.01** 34.88** 
Random selections (RS)/S 190 86.96** 68.77** 37.38** 
Error b 380 16.54 23.80 10.95 
VS/S error b 190 13.58 33.40 10.62 
RS/S error b 190 19.50 14.20 11.28 
Total 799 
Mean 2.92 2.30 1.73 
C.V. (%) 139.3 212.1 191.3 
** 
Significant at .01 probability level. 
Table 15. Analyses of variance, means, and coefficients of variation (C.V.) for DRPEARS (%) for 
individual experiments conducted at Ames, Ankeny, and Martinsburg in 1981 
Mean squares 
Source df 81041 81042 81043 
Sets (S) 9 0.990 1.559 63.825 
Reps/S 10 0.598 2,546 10.557 
Types/S (T/S) 10 1.406 2.407 15.869 
Error a 10 0.542 3.252** 8.985* 
Entries/T/S 380 1.198* 1.426* 7.806** 
Visual selections (VS)/S 190 1.447* 2.063* 7.154** 
Random selections (RS)/S 190 0.949 0.789 8.458** 
Error b 380 0.907 1.023 4.640 
VS/S error b 190 1.009 1.391 4.599 
RS/S error b 190 0.805 0.655 4.681 
Total 799 
Mean 0.26 0.30 1.22 
C.V. (%) 360.7 336.0 176.7 
* s* 
' Significant at the .05 and .01 probability levels, respectively. 
Table 16. Analyses of variance, means, and coefficients of variation (C.V.) for STAND (%) for 
individual experiments conducted at Ames, Ankeny, and Martinsburg in 1981 
Mean squares 
Source df 81041 81042 81043 
Sets (S) 9 460.32 77.69 6917.51 
Reps/S 10 99.03 131.91 398.68 
Types/S (T/S) 10 567.89 490.20* 799.13* 
Error a 10 92.46 85.92 100.27* 
Entries/T/S 380 261.75** 214.66** 268.49** 
Visual selections (VS)/S 190 191.86** 149.72** 210.29** 
Random selections (RS)/S 190 331.64** 279.60** 326.69** 
Error b 380 67.63 74.35 53.30 
VS/S error b 190 66.39 80.55 54.57 
RS/S error b 190 68.87 68.15 52.03 
Total 799 
Mean 77.85 81.12 80.21 
C.V. (%) 10.6 10.6 9.1 
* ** 
' Significant at the .05 and .01 probability levels, respectively. 
Table 17. Analyses of variance, means, and coefficients of variation (C.V.) for RPULL (kg) for 
experiment at Ames in 1981, and testcross experiments at Ames in 1982 and 1983 
Mean squares 
Source df 81-CB^ 82-CB 83-CB 
Sets (S) 9 4806.35 2566.56 1465.32 
Reps/S 10 529.66 931.23 734.29 
Types/S (T/S) 10 1089.32 951.66 665.01 
Error a 10 290.72 1003.80* 120.02 
Entries/T/S 380 954.07** 748.72** 801.96** 
Visual selections (VS)/S 190 901.66** 830.18** 723.86** 
Random selections (RS)/S 190 1006.48** 667.26** 880.06** 
Error b 380 349-32 446.02 329.92 
VS/S error b 190 390.95 420.81 282.47 
RS/S error b 190 307.69 471.23 377.37 
Total 799 
Mean 118.5 155.05 161.75 
C.V. (%) 15.8 13.6 11.2 
^81-CB, 82-CB, and 83-CB are root pulling experiments conducted at Ames corn borer nursery 
in 1981, 1982, and 1983. 
* ** 
' Significant at the .05 and .01 probability levels, respectively. 
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DRPEARS. The analyses of individual experiments for DRPEARS (Table 15) 
reveal highly significant variation among entries within both selection 
types only at Martinsburg. At Ames and Ankeny, where mean DRPEARS per­
centage was less than 0.5, significant variation was present only among 
visually selected lines. 
Minimum and maximum values and ranges of entry means within each se­
lection type are given in Table 10 for all traits. For YIELD, the highest-
and the lowest-yielding lines in each environment were visually selected 
entries, giving a consistently greater range for the visually selected 
group. Ranges for MOIST, STKLDG, and RTLDG were similar for each selection 
type, with no consistent pattern across environments. In each environment, 
a slightly higher maximum value for DRPEARS, and thus a slightly greater 
range, was noted for the visually selected entries. Randomly selected 
lines had the poorest STAND in each environment, and maximum values for 
STAND greater than or equal to that of the visually selected entries, re­
sulting in a larger range for STAND in the random group of lines in each 
environment. Lines with the smallest and largest RPULL values were both 
identified among the randomly selected group, giving that group a range 
of RPULL values 57 kg greater than that of the visually selected group. 
Genotypic and environment x genotype interaction variance components 
and heritabilities estimated from the combined analyses of variance are 
given in Table 18. Significant genotypic variability was present for all 
traits except DRPEARS in the randomly selected group, indicating that prog­
ress from selection will be possible for these traits in Lancaster Compos­
ite. All environment x genotype interaction components were also signifi­
cant, but they were generally smaller than their corresponding genotypic 
/xp ^2 2 
Table 18. Estimated genotypic (Og), environment x genotype (Ogg), and experimental error ) 
/\2 ® 
variance components, and estimated heritabilities (h ), calculated from combined analyses 
of variance of experiments conducted at Ames, Ankeny, and Martinsburg in 1981 
^2 
"g 
Trait VS RS VS RS VS RS 
YIELD 83.97+ 9.94 83.65+ 9.88 16.981 2.97 16.20+ 2.92 44.16 .87 .87 
MOIST 4.31+ 0.61 4.03+ 0.56 2,291 0.34 1.901 0.32 4.58 .74 .74 
STKLDG 114.98+16.95 138.35120.25 97.03110.51 122.32112.32 91.67 .71 .71 
RTLDG 23.18+ 2.88 12.171 1.98 5.901 1.10 11.47+ 1.49 17.10 .83 .65 
DRPEARS^ 41.78+ 9.48 15.081 7.76 26.45110.85 45.35112.11 219.00 .48 __b 
STAND 45.54± 6.33 111.32112.94 13.891 3.63 12.451 3.53 65.09 .75 .88 
RPULL^ 255.36150.15 349.40153.71 349.30 .57 .69 
^RPEARS values were multiplied by 10^, 
b /\2 Genetic variance was not considered significant; therefore, h was not calculated. 
'RPULL data taken in one environment only. 
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variance components. Environment x genotype interaction was largest for 
STKLDG and DRPEARS and of least relative importance for YIELD. 
Variance component estimates from the two selection types were similar 
for YIELD and MOIST. Genotypic and environment x genotype interaction com­
ponents for STKLDG of the randomly selected lines were larger than, but not 
statistically different from, the estimates from the visually selected 
lines. Genotypic variance among visually selected lines for RPULL was also 
less than that among random lines but was not significantly different. The 
estimates of genotypic and environment x genotype variance components for 
RTLDG among visually selected S^ lines were significantly greater and 
smaller, respectively, than the estimates among the randomly selected 
lines. For STAND, estimates of environment x genotype interaction were 
similar for both selection types; the genotypic variance estimate from the 
randomly selected lines, however, was over twice as large as that from the 
visually selected lines. 
As would be expected given the similarity of variance component esti­
mates from the two selection types, heritability estimates for the visually 
and randomly selected lines were similar (Table 18). Discrepancies between 
selection type heritabilities existed for RTLDG, where a lower heritability 
for the random lines (0.65) was due to the genotypic and environment x gen­
otype variance components for that selection type being of similar magni­
tude, and for RPULL, where genotypic variance among the visually selected 
lines was less than that among the randomly selected lines; this resulted 
in a lower heritability (0.57) for the visually selected group. Consider­
ing both selection types, relatively high heritabilities (> 0.65) were 
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present for all traits except RPULL, which was evaluated in only one envi­
ronment, and DRPEARS, for which genotypic variability was small or absent. 
Estimates of genotypic variance components from individual experi­
ments, while biased by environment x genotype interaction, generally fol­
lowed the pattern of genotypic variance components estimated from the 
combined analysis. All estimates of genotypic variance were significant 
with the exception of DRPEARS in the visually selected group at Ames and 
Ankeny (Table 19). At Martinsburg, where the expression of the DPREARS 
trait was greatest, genotypic variance among the random lines was larger, 
but not significantly so, than that among the visually selected lines, in 
contrast to results observed in the other two environments. Genotypic 
variance for STKLDG among the visually selected lines was significantly 
less than that among the random lines at Ames; in the other two environ­
ments the same pattern was observed, but the differences were not signifi­
cant. In contrast to the estimates from the combined analysis, RTLDG 
genotypic variance estimates from individual experiments were not consist­
ently greater for the visually selected group. In all environments, geno­
typic variance for STAND was significantly greater among randomly selected 
lines. 
Heritability estimates for each trait within each experiment were 
similar for both selection types. Heritabilities were high (> 0.70) for 
YIELD, MOIST, STKLDG, and RTLDG, but these heritabilities are biased upward 
by environment x genotype interaction. Low heritability estimates for 
MOIST at Ankeny (0.40 and 0.36 for the visually and randomly selected 
groups, respectively) were caused by a large error variance relative to 
the genotypic variance (Table 12). Low heritabilities for DRPEARS in each 
/\2, /\2 Table 19. Estimated genotypic variance components (0^), and estimated heritabilities {h ), for 
traits measured in individual S experiments conducted at Ames, Ankeny, and Martinsburg 
in 1981 
81041 81042 81043 
Trait Selection type *G % h2 % 
YIELD 
VS 
RS 
117.64+13.79 
118.79+13.85 
.88 
.88 
82.99+11.66 
79.10111.34 
.75 
.74 
103.25±12.85 
100.69112.83 
.83 
.81 
MOIST 
VS 
RS 
14.59+ 1.77 
12.79+ 1.59 
.85 
.83 
2.16+ 0.63 
2.07+ 0.70 
.40 
.36 
3.33+ 0.43 
2.64± 0.37 
.80 
.75 
STKLDG 
VS 
RS 
36.86+ 4.68 
68.54+ 8.00 
.82 
.88 
121.26+15.31 
139.53+18.79 
.82 
.78 
500.19159.84 
551.64+68.49 
.86 
.83 
RTLDG 
VS 
RS 
30.15± 3.83 
33.73+ 4.55 
.82 
.78 
41.81+ 6.21 
27.29+ 3.58 
.72 
.79 
12.13+ 1.86 
13.05+ 1.99 
.70 
.70 
DRPEARS^ VS RS 
21.90+ 9.00 
7.20+ 6.35 iÇb 
33.60+12.70 
6.70+ 5.23 
127.75143.40 
188.85149.33 
.36 
.45 
STAND 
VS 
RS 
62.74+10.36 
131.39+17.29 
.65 
.79 
34.59+ 8.68 
105.73+14.69 
.46 
.76 
77.86111.09 
137.33116.88 
.74 
.84 
RPULL^ 
VS 
RS 
255.36+50.15 
349.40+53.71 
.57 
.69 
— — — — —  
^DRPEARS values were multiplied by 10^. 
b /\2 Genetic variance was not considered significant; therefore, h was not calculated. 
'^RPULL data taken in one environment only. 
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environment, ranging from 0.30 to 0.45, were due to a small amount of gen-
otypic variability and relatively large error variances for this trait 
(Table 15). The significantly smaller estimates of genotypic variance 
among visually selected lines for STAND in each environment led to corre­
spondingly smaller heritability estimates for the visually selected group 
for this trait. 
Phenotypic and genotypic correlations among traits of the lines 
are presented for both selection types in Table 20. Correlations of STAND 
with other traits were excluded because the information is of little in­
terest to the breeder. Four and five of the fifteen phenotypic correlation 
coefficients were significant in the visually and randomly selected groups, 
respectively. Those correlations that were significant were so small as to 
be of little importance, however. The largest phenotypic correlations were 
between MOIST and STKLDG, MOIST and RTLDG, and MOIST and YIELD; of these, 
only the relationship between MOIST and RTLDG was in the direction desired 
by the maize breeder. The correlations between RTLDG and RPULL were nega­
tive and significant (r = -0.18 and -0.15 for the visually and randomly 
selected groups, respectively) but the coefficients of determination were 
only 0.03 and 0.02. Genotypic correlations were similar to their corre­
sponding phenotypic correlations but were slightly larger. The largest 
genotypic correlations were between RTLDG and RPULL and between MOIST and 
STKLDG, and both MOIST and RPULL showed relatively large genotypic corre­
lations with all traits except DRPEARS. For each trait, phenotypic corre­
lations from the two selection types were similar, with no significant 
differences between types. Genotypic correlations were also similar 
between selection types. 
Table 20. Phenotypic (above diagonal) and genotypic (below diagonal) correlations among traits of 
visually and randomly selected S lines evaluated at Ames, Ankeny, and Martinsburg in 
"1981 a 
Selection 
Trait type YIELD MOIST STKLDG RTLDG DRPEARS RPULL*^ 
VS 0.13 0.00 0.14 0.09 0.12 
RS 0.24 -0.07 0.00 0.13 0.12 
wnTOT VS 0.18 -0.26 0.21 -0.02 0.11 
RS 0.30 -0.28 0.15 0.01 0.14 
VS 0.01 -0.39 -0.07 -0.06 -0.12 
RS -0.07 -0.45 -0.09 -0.10 -0.08 
VS 0.17 0.28 -0.06 0.04 -0.18 
RS -0.02 0.21 -0.09 -0.04 -0.15 
drpears -o'obc -0.05  ^ 0.05; -0.03 
no U.Uj 
np,,t t vs 0.32 0.27 -0.39 -0.55 0.09 
RS 0.28 0.41 -0.24 -0.37 
^Phenotypic correlations > 0.14 and > 0.18 are significant at the .05 and .01 probability 
levels, respectively. 
'^RPULL measured at Ames corn borer nursery only. 
^Genetic variance was not considered significant; therefore, genotypic correlations were 
not calculated. 
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Predicted genetic gains and correlated responses from single-trait 
selection were calculated separately for the visually and randomly se­
lected groups and are shown in Table 21. Gains were expressed on a per-
year basis. Predicted gains from selection for a given primary trait are 
on the diagonal, with correlated responses on the off-diagonals. For each 
trait, gains predicted for each selection type were similar, with neither 
group of entries consistently showing greater predicted gains. Greater 
gains were predicted for STKLDG and RPULL for selection among random lines 
due to the larger genotypic variance for these traits in the random group 
(Table 18). Estimated gain for RPULL, however, is biased by environment x 
genotype interaction, as are correlated responses involving RPULL. The 
predicted reduction in RTLDG was 0.87% larger from selection among the 
visually selected lines, due to larger genotypic variance and smaller en­
vironment X genotype interaction variance in the visually selected group. 
Gains predicted for YIELD and MOIST were identical or nearly identical for 
each selection type. 
Predicted correlated responses were variable between the selection 
types. Of the 20 correlated responses predicted, 13 were more advantageous 
to the maize breeder in the visually selected group, six were better in the 
randomly selected group, and one was equivalent for both groups. No corre­
lated response for any trait was as large as the predicted genetic gain 
from direct selection for that trait. Largest correlated responses in the 
direction desired by the maize breeder were in RPULL when selecting for 
greater YIELD, RPULL when selecting for reduced RTLDG, and YIELD and RTLDG 
when selecting for increased RPULL. Undesirable correlated responses in 
all traits except RTLDG were predicted when selecting for lower MOIST, 
Table 21. Predicted genetic gain per year from single-trait selection for primary trait 
(on diagonal), and correlated responses in secondary traits, from selection 
among S lines^ 
Traits type YIELD MOIST STKLDG RTLDG RPULL 
q/ha % kg 
YIELD 
VS 4 .69 0. 19 0. 05 0. ,43 3. 10 
RS 4 .69 0. 31 -0. ,43 -0. ,04 3. 20 
MOIST 
VS -0 .79 -0. 98 2. ,00 -0. 64 -3. 75 
RS -1 .30 -0, ,95 2. ,50 -0. 34 -6. 47 
STKLDG 
VS -0 .04 0. ,38 -4. 96 0. 14 1. 63 
RS 0 .30 0. ,42 -5. 46 0, .14 1. 47 
RTLDG 
VS -0 .80 -0. 29 0, .34 -2, .41 5. 02 
RS 0 .08 -0. 18 0 .45 -1, .54 5. 09 
RPULL 
VS 1 .72 0, .51 -1, .17 -1, .50 7. 93 
RS 1 .55 0. 75 -1 .01 -1 .09 9. 52 
^Predicted gains based on three year selection cycle, progeny evaluation using two replications 
in each of three environments, 12.5% selection intensity (k = 1.65), and recombination of seed. 
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and an undesirable increase in MOIST was predicted with selection for 
greater YIELD or RPULL or selection for less STKLDG. 
Because breeders are usually interested in selection for more than 
one trait concurrently, predicted gains from single-trait selection may be 
of less interest than gains from selection for several traits simultane­
ously. Predicted genetic gains per year from Smith-Hazel index selection 
among S^ lines for YIELD, MOIST, STKLDG, RTLDG, and RPULL are shown in 
Table 22, along with gains and correlated responses for single-trait index 
selection for each trait. Slightly better gains for YIELD and STKLDG were 
indicated by index selection among randomly selected lines, while predicted 
gain in RTLDG was better for index selection among visually selected lines. 
Predicted gains for RPULL were nearly identical for both groups of lines, 
and in both groups an undesirable increase in MOIST would be expected due 
to the unfavorable correlation of MOIST with YIELD, STKLDG, and RPULL. 
Predicted gains in YIELD, MOIST, STKLDG, RTLDG, and RPULL from Smith-Hazel 
index selection among visually selected S^ lines were 84, -30, 41, 24, and 
70%, respectively, of the predicted gains from single-trait index selection 
shown in Table 22. Similarly, predicted gains from Smith-Hazel index se­
lection among the randomly selected lines for the same five traits were 87, 
-51, 49, 30, and 60% of their predicted gains from single-trait index se­
lection. Gains and correlated responses predicted by single-trait index 
selection were very similar to those given in Table 21, as would be ex­
pected. 
The 50 superior S^ lines selected by the Smith-Hazel index are listed 
in Table A6. Of the 50 lines selected, 29 were from the visually selected 
group, indicating some success in developing lines superior in several 
Table 22. Predicted genetic gain per year from Smith-Hazel index selection among lines, and 
predicted gain and correlated responses from index selection for each trait alone 
Traits selected 
in index 
Selection 
type YIELD 
Predicted gains 
MOIST STKLDG RTLDG RPULL 
All 
YIELD 
MOIST 
STKLDG 
RTLDG 
RPULL 
q/ha % kg 
vs 3.99 0.31 -2.05 -0.62 6.25 
RS 4.14 0.55 -2.72 -0.50 6.27 
VS 4.77 0.27 -0.06 0.35 3.74 
RS 4.75 0.41 -0.49 -0.15 4.33 
VS 
-1.27 -1.03 2.60 -0.57 -4.48 
RS 
-1.79 -1.08 2.98 -0.06 -8.02 
VS 0.06 0.53 -5.05 0.06 2.68 
RS 0.42 0.58 -5.56 0.12 2.96 
VS -0.66 -0.23 0.11 -2.56 5.77 
RS 0.43 -0.04 0.39 -1.68 6.35 
VS 2.01 0.52 -1.53 -1.66 8.88 
RS 1.94 0.82 -1.56 -1.01 10.56 
^Predicted gains based on three year selection cycle, progeny evaluation using two replications 
in each of three environments, 12.5% selection intensity (k = 1.65), and recombination of S^ seed. 
^Traits included were YIELD. MOIST, STKLDG, RTLDG, and RPULL. 
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traits via visual selection. The best line in the index, however, was a 
random one, and the fact that 21 of the 50 selections were random lines 
indicates that visual selection, while having some effect, was of small 
practical importance. A rank summation index was also used to select 50 
superior lines, which are listed in Table A9. Although predicted ge­
netic gains were not obtained with the rank summation index, a slight ad­
vantage was again indicated for visual selection because 28 of 50 selec­
tions were visually selected lines. 
The Sg lines selected for single-trait superiority for YIELD, MOIST, 
STKLDG, and RPULL are listed in Tables A12, A13, A14, and A15, respec­
tively. The superior 50 lines for RTLDG were not listed because so many 
lines exhibited no RTLDG that ranking of the best lines was not possible. 
Although the entries selected for single-trait superiority are of less 
interest to the breeder than those selected by the indices, they do reveal 
information as to the success of visual selection. For both YIELD and 
RPULL, 28 of 50 superior lines were visual selections; for STKLDG, 26 
of 50 were visual selections; and only 17 of 50 entries selected for low 
MOIST were visual selections. This indicates a slight degree of success 
in visually selecting plants with greater YIELD and RPULL, and ho success 
in selection for STKLDG resistance. The tendency for visual selection to 
choose plants with later maturity is illustrated by the fact that twice as 
many random as visually selected lines were represented in the 50 lines 
with lowest MOIST. 
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Sg line (S^ plant) testcrosses 
The combined analyses of variance for traits measured in testcross 
experiments in 1982 and 1983 are presented in Table 23, and means of se­
lection types averaged over all experiments are given in the second and 
third columns of Table 24. Selection type means did not differ for any 
trait in the combined analyses (Table 23). Mean YIELD of the two groups 
of testcrosses was identical (Table 24). The slight superiority noted for 
mean YIELD of visually selected lines (Table 10) was not evident in the 
testcrosses. For several other traits, trends noted in selection type 
means were also present in the testcross selection type means, although 
differences were not significant. Mean MOIST of the testcrosses of ran­
domly selected lines was 0.30% less than that of the testcrosses of visu­
ally selected lines, in agreement with S^ data. Mean STKLDG and RTLDG of 
the testcrosses of visually selected lines was 1.95% and 0.22% less than 
the mean of those traits in the testcrosses of randomly selected lines, 
respectively, while mean DRPEARS was slightly greater for the visually 
selected group, also in agreement with S^ data (Tables 10 and 24). The 
significant improvement in STAND of the visually selected S^ lines over 
the randomly selected lines was not observed in the testcrosses; mean 
STAND of the testcrosses in the randomly selected group was 2.0% greater 
than that of the visually selected group, but the difference was not sig­
nificant. Testcross RPULL selection type means were not significantly 
different averaged over both experiments. 
The environment x selection type interaction in the combined analyses 
was not significant (P <_ 0.05 or P £ 0.01) for any trait (Table 23). This 
Table 23. Analyses of variance combined over environments, means, and 
coefficients of variation (C.V.) for traits measured in 
testcross experiments at Ames, Ankeny, and Martinsburg in 
1982 and 1983 
Source df YIELD 
Environments (E) 3 198803.05 
Sets (S) 9 521.89 
E X S 27 349.11 
Reps/ES 40 245.74 
Types/S (T/S) 10 236.82 
E X types/S 30 112.45 
Pooled error a 40 143.55* 
Entries/T/S 380 385.41** 
Visual selections (VS)/S 190 422.64** 
Random selections (RS)/S 190 348.18** 
E X entries/T/S 1140 160.33** 
E X VS/S 570 157.98** 
E X RS/S 570 152.68** 
Pooled error b 1520 95.28^ 
Total 3199 
Mean 
C.V. (%) 
81.02 
12.1 
^Error b contained 1512 df for YIELD. 
* ** 
Significant at the .05 and .01 probability levels, 
respectively. 
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Mean squares 
MOIST STKLDG RTLDG STAND 
14326.82 199806.50 14480.60 18961.89 
33.29 1271.63 250.22 424.92 
20.46 1044.89 304.08 132.59 
7.83 628.97 160.06 89.35 
15.16 984.69 155.43 435.19 
6.97 451.96 177.59 103.89 
3.88* 214.60** 92.93* 51.74 
15.52** 420.54** 211.68** 248.49** 
15.20** 377.65** 214.38** 332.74** 
15.84** 463.43** 208.98** 164.24** 
3.67** 186.57** 79.14** 65.04** 
3.85** 174.30** 78.65** 78.76** 
3.49** 198.84** 81.43** 51.32** 
2.48 100.51 56.81 38.56 
23.04 19.75 6.39 85.88 
6.8 50.8 117.9 7.2 
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Table 23. (continued) 
Mean squares 
df DRPEARS df RPULL 
2 260.442 1 17974.76 
9 8.171 9 1647.87 
18 2.338 9 2384.01 
30 3.077 20 832.76 
10 7.078 10 806.87 
20 2.582 10 809.80 
30 1.826 20 561.91 
380 3.933** 380 1034.80** 
190 5.588** 190 1051.32** 
190 2.278 190 1018.28** 
760 1.853 380 515.88** 
380 1.757 190 502.71** 
380 1.949* 190 529.05** 
1140 1 .734 760 387.97 
2399 
0.49 
264.4 
1599 
158.40 
12.4 
Table 24. Means of selection types, and minimum 
selection types, for traits measured 
and Martinsburg in 1982 and 1983 
Combined 82041 
Trait VS RS VS RS 
YIELD 
Mean^ 81.02 81.02 92.58 93.49 
Minimum 20.47 19.45 64.29 68.84 
Maximum 125.25 124.83 120.77 124.83 
Range 104.78 105.38 56.48 55.99 
MOIST 
Mean 23.19 22.89 29.18 28.60 
Minimum 16.25 16.10 23.70 22.60 
Maximum 40.20 37.20 40.20 37.20 
Range 23.95 21.10 16.50 14.60 
STKLDG 
Mean 18.78 20.73 3.91 4.20 
Minimum 0.00 0.00 0.00 0.00 
Maximum 83.52 90.35 22.06 14.98 
Range 83.52 90.35 22.06 14.98 
RTLDG 
Mean 6.28 6.50 4.21 6.06 
Minimum 0.00 0.00 0.00 0,00 
Maximum 48.29 62.24 46.31 62.24 
Range 48.29 62.24 46.31 62.24 
DRPEARS 
Mean 0.52 0.48 0.13 0.05 
Minimum 0.00 0.00 0.00 0.00 
and maximum values and ranges of entry means within 
n testcross experiments conducted at Ames, Ankeny, 
82042 82043 83041 
VS RS VS RS VS RS 
95.52 95.89 
59.51 71.26 
125.25 120.69 
65.74 49.43 
21.96 21.65 
17.75 18.00 
26.05 25.80 
8.30 7.80 
10.74 11.58 
1.92 1.07 
36.54 24.08 
34.59 23.01 
3.04 3.69 
0.00 0.00 
44.44 27.63 
44.44 27.63 
0.23 0.27 
0.00 0.00 
64.29 63.42 
35.35 35.42 
85.21 96.35 
49.86 60.93 
18.92 18.72 
16.25 16.10 
22.05 21.65 
5.80 5.55 
39.74 40.42 
11.07 6.25 
85.52 90.35 
74.45 84.10 
5.02 3.74* 
0.00 0.00 
36.14 31.46 
36.14 31.46 
1.17 1.13 
0.00 0.00 
71.69 71.28 
20.47 19.45 
97.39 100.99 
76.92 81.54 
22.70 22.57 
18.85 18.10 
27.90 26.65 
9.05 8.55 
20.73 26.71* 
0.00 1.16 
65.24 84.56 
65.24 83.40 
12.84 12.52 
0.00 0.00 
48.29 62.08 
48.29 62.08 
b 
Maximum 
Range 
STAND 
Mean 
Minimum 
Maximum 
Range 
16.34 
16.34 
84.88 
13.46 
99.04 
85.58 
7.91 
7.91 
86.88 
38.46 
100.00 
61.54 
10.07 
10.07 
78.51 
25.96 
95.19 
69.23 
1.28 
1.28 
81.87* 
38.46 
94.23 
55.77 
9.51 
9.51 
89.56 
67.31 
99.04 
31.73 
3.26 
3.26 
90.45 
72.12 
100.00 
27.88 
16.34 
16.34 
89.30 
62.50 
98.08 
35.58 
7.91 
7.91 
90.44* 
68.26 
99.04 
30.78 
82,16 
13.46 
98.08 
84.62 
84.76 
46.15 
100.00 
53.85 
RPULL 
Mean 
Minimum 
Maximum 
Range 
158.08 
86.45 
223.75 
137.30 
158.71 
103.40 
231.25 
127.85 
153.87 
86.45 
213.25 
126.80 
156.22 
103.40 
231.25 
127.85 
162.30 
103.90 
223.75 
119.85 
161.20 
105.55 
214.55 
109.00 
^YIELD in q/ha; MOIST, STKLDG, RTLDG, DRPEARS, and STAND in percent; and RPULL in kg. 
^Data not taken in this environment. 
$ 
Selection type means differed at .05 probability level. 
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interaction was significant at the 0.10 level of probability for STKLDG and 
RTLDG, however, indicating slight changes in the rankings or magnitude of 
the differences between selection type means for these traits in different 
environments. 
Highly significant differences were present among testcrosses for all 
traits (Table 23). The environment x testcross interaction was also highly 
significant for all traits except DRPEARS, where it was not significant. 
The partition of the entries source of variation into variation among test-
crosses of visually selected lines and variation among testcrosses of ran­
domly selected lines showed highly significant differences among entries 
in both selection types, with the exception of DRPEARS in the random group. 
The environment x testcross interaction was also highly significant in both 
selection types for all traits except DRPEARS, where it was significant 
(P _< 0.05) and nonsignificant in the randomly selected and visually se­
lected groups, respectively. 
As with the S^ data, examination of selection type means in individual 
environments was performed to determine if differences between the selec­
tion types were present in any environment. Analyses of variance for 
YIELD for individual environments (Table 25) show that in no environment 
was YIELD of the testcrosses of visually and randomly selected lines sig­
nificantly different. The trend for visually selected S^ lines to have 
greater yields than the randomly selected lines (Table 10) was not apparent 
in the testcrosses (Table 24). In the high-yield environments of Ames and 
Ankeny in 1982, testcrosses of randomly selected lines showed a very slight 
mean YIELD advantage over testcrosses of visually selected lines; in the 
lower-yield environments of Martinsburg 1982 and Ames 1983, the reverse 
Table 25- Analyses of variance, means, and coefficients of variation (C.V.) for YIELD (q/ha) for 
individual testcross experiments conducted at Ames, Ankeny, and Martinsburg in 1982 
and 1983 
Mean squares 
Source df 82041& 82042 82043 83041 
Sets (S) 9 514.21 182.43 406.48 466.09 
Reps/S 10 180.63 71.40 48.12 682.79 
Types/S (T/S) 10 229.47 74.39 153.71 116.61 
Error a 10 262.57** 57.14 82.08 172.41 
Entries/T/S 380 212.58** 243.72** 164.24** 245.87** 
Visual selections (VS)/S 190 222.79** 284.48** 161.09** 258.23** 
Random selections (RS)/S 190 202.37** 202.96** 167.39** 233.51** 
Error b 380 90.62^ 103.92 89.21 101.36 
VS/S error b 190 88.92 102.51 86.25 97.39 
RS/S error b 190 92.32 105.33 92.16 105.33 
Total 799 
Mean 
C.V. (%) 
93.03 
10.2 
95.70 
10.7 
63.85 
14.8 
71.49 
14.1 
^820A1, 82042, 82043, and 83041 are 1982 testcross experiments at Ames, Ankeny, and 
Martinsburg, and 1983 testcross experiment at Ames, respectively. 
'^Error b contained 376, 377, and 379 df in experiments 82041, 82042, and 83041, respectively. 
** 
Significant at .01 probability level. 
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was true. Because these differences are not statistically significant, it 
is not possible to state that these observations are due to other than 
chance. 
No significant differences existed between selection type means for 
MOIST in any environment (Table 25). In all environments, mean MOIST of 
the testcrosses of visually selected lines was slightly greater than that 
of the testcrosses of randomly selected lines (Table 24), as observed in 
the Sg means, and ranged from 0.13% greater at Ames in 1983 to 0.58% 
greater at Ames in 1982. 
Significant differences existed between STKLDG selection type means at 
Ames in 1983 and between RTLDG selection type means at Martinsburg in 1982. 
(Tables 27 and 28). Mean STKLDG of the testcrosses of visually selected 
lines was less than that of the testcrosses of randomly selected lines in 
every environment, in agreement with S^ data; at Ames in 1983, the visually 
selected group exhibited 5.98% less STKLDG than the randomly selected group. 
In contrast, selection type means for RTLDG were not consistently smaller 
for either selection type across environments, and the one significant dif­
ference noted was due to the randomly selected group having 1.28% less 
RTLDG than the visually selected group (Table 24). Visual selection thus 
appears to have been more successful in selecting for STKLDG resistance 
than RTLDG resistance. 
Selection type means for DRPEARS did not differ significantly in any 
environment (Table 29). Differences between the means of the testcrosses 
of visually and randomly selected lines were also non-significant for RPULL 
in both environments in which that trait was measured (Table 17). No trend 
in the selection type means across environments could be established for 
Table 26. Analyses of variance, means, and coefficients of variation (C.V.) for MOIST (%) for 
individual testcross experiments conducted at Ames, Ankeny, and Martinsburg in 1982 
and 1983 
Mean squares 
Source df 82041 82042 82043 83041 
Sets (S) 9 64.09 5.80 15.28 9.49 
Reps/S 10 14.22 2.47 1.23 13.38 
Types/S (T/S) 10 21.58 6.84 2.39 5.25 
Error a 10 9.10* 2.16 0.96 3.30 
Entries/T/S 380 14.09** 4.63** 2.40** 5.42** 
Visual selections (VS)/S 190 14.23** 4.50** 2.31** 5.70** 
Random selections (RS)/S 190 13.95** 4.76** 2.49** 5.14** 
Error b 380 4.83 1.45 1.11 2.54 
VS/S error b 190 5.03 1.60 1.21 2.47 
RS/S error b 190 4.63 1.30 1.01 2.61 
Total 799 
Mean 
C.V. {%) 
28.89 
7.6 
21.80 
5.5 
18.82 
5.6 
22.64 
7.0 
* ** 
' Significant at the .05 and .01 probability levels, respectively. 
Table 27. Analyses of variance, means, and coefficients of variation (C.V.) for STKLDG (%) for 
individual testcross experiments conducted at Ames, Ankeny, and Martinsburg in 1982 
and 1983 
Mean squares 
Source df 82041 82042 82043 83041 
Sets (S) 9 34.73 98.50 856.39 3416.67 
Reps/S 10 12.61 37.02 1274.61 1191.65 
Types/S (T/S) 10 21.14 42.21 627.12 1650.09* 
Error a 10 30.24* 11.92 475.11** 341.11* 
Entries/T/S 380 18.75** 51.87** 515.21** 394.44** 
Visual selections (VS)/S 190 19.46** 48.84** 499.04** 332.20** 
Random selections (RS)/S 190 18.04* 54.90** 531.38** 456.68** 
Error b 380 12.88 28.41 192.30 168.45 
VS/S error b 190 12.64 24.13 192.02 115.87 
RS/S error b 190 13.12 32.69 192.58 221.03 
Total 799 
Mean 4.05 11.16 40.08 23.72 
C.V. (%) 88.6 47.8 34.6 54.7 
* ** 
' Significant at the .05 and .01 probability levels, respectively. 
Table 28. Analyses of variance, means, and coefficients of variation (C.V.) for RTLDG (%) for 
individual testcross experiments conducted at Ames, Ankeny, and Martinsburg in 1982 
and 1983 
Mean squares 
Source df 82041 82042 82043 83041 
Sets (S) 9 130.61 115.79 135.27 780.79 
Reps/S 10 137.95 41.00 21.33 421.42 
Types/S (T/S) 10 172.31 68.30 204.12* 248.10 
Error a 10 225.18* 21.23 36.62 88.68 
Entries/T/S 380 131.75* 59.23** 74.56** 183.55** 
Visual selections (VS)/S 190 113.32* 62.56** 88.98** 180.08** 
Random selections (RS)/S 190 150.18** 55.90** 60.14** 187.02** 
Error b 380 96.35 22.90 33.34 74.64 
VS/S error b 190 87.76 19.16 41.08 68.95 
RS/S error b 190 104.94 26.64 25.60 80.33 
Total 799 
Mean 5.14 3.38 4.38 12.68 
C.V. (%) 191.0 141.6 131.8 68.1 
* ** 
' Significant at the .05 and .01 probability levels, respectively. 
Table 29. Analyses of variance, means, and coefficients of variation (C.V.) for DRPEARS {%) for 
individual testcross experiments conducted at Ames, Ankeny, and Martinsburg in 1982 
Mean squares 
Source df 82041 82042 82043 
Sets (S) 9 0.771 1.817 10.260 
Reps/S 10 0.433 1.041 7.756 
Types/S (T/S) 10 0,810 1.301 10.132 
Error a 10 0.503 0.462 4.512 
Entries/T/S 380 0.649** 1.050** 5.941** 
Visual selections (VS)/S 190 1.183* 1.389** 6.914** 
Random selections (RS)/S 190 0.115 0.711 4.968 
Error b 380 0.449 0.658 4.097 
VS/S error b 190 0.783 0.540 4.160 
RS/S error b 190 0.115 0.776 4.034 
Total 799 
Mean 0.09 0.25 1.15 
C.V. (%) 744.5 319.4 176.0 
* ** 
' Significant at the .05 and .01 probability levels, respectively. 
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either DRPEARS or RPULL (Table 24). For STAND, however, testcrosses of 
visually selected lines had a lower mean than testcrosses of randomly se­
lected lines in all environments, and in two environments (Ames 1982 and 
Martinsburg 1982) the differences were significant (Table 30). Superiority 
in STAND of the randomly selected group ranged from 0.89% at Ankeny in 1982 
to 3.36% at Ames in 1982. These results are the reverse of those observed 
in the data, where visually selected lines had greater STAND in every 
environment (Table 10). The reasons for this reversal are not obvious. 
Highly significant differences were present among testcross means for 
all traits in all environments with the exception of RTLDG at Ames in 1982, 
where a significant difference (P _< 0.05) was noted. The entries source 
of variation was partitioned into variation among testcrosses of visually 
selected lines and variation among testcrosses of randomly selected lines 
for each trait. Highly significant differences existed among testcrosses 
within both selection types for all traits in all experiments, with the 
exception of the following traits. For STKLDG, variation among the means 
of testcrosses in the random group was significant (P _< 0.05) at Ames in 
1982 (Table 27); for RTLDG, the same was true of testcrosses in the visu­
ally selected group at Ames in 1982 (Table 28); and for DRPEARS, no signif­
icant differences existed among testcrosses in the randomly selected group 
in any experiment, and significant differences at the 0.05 probability 
level were noted among testcrosses in the visually selected group at Ames 
in 1982 (Table 29). 
Ranges of entry means within selection types and minimum and maximum 
values are given for all traits in Table 24. Neither selection type had 
a consistently greater range of testcross values for YIELD across environ-
Table 30. Analyses of variance, means, and coefficients of variation (C.V.) for STAND (%) for 
individual testcross experiments conducted at Ames, Ankeny, and Martinsburg in 1982 
and 1983 
Mean squares 
Source df 82041 82042 82043 83041 
Sets (S) 9 161. 48 121. 33 68. 88 471. 00 
Reps/S 10 85. 46 77. 52 45. 60 59. 46 
Types/S (T/S) 10 333. 83* 51. 87 118. ,24* 242. 93 
Error a 10 35. 27 21. ,79 16. ,65 81. 52 
Entries/T/S 380 150. 64** 51. go** 56. ,22** 174. ,86** 
Visual selections (VS)/S 190 204. ,68** 56. 65** 67. ,48** 240. 21** 
Random selections {RS)/S 190 116. ,60** 47. ,15** 44. 96** 109. 51** 
Error b 380 53. ,62 30. 30 22. 57 47. 73 
VS/S error b 190 51. ,67 33. 18 25. .89 51. 47 
RS/S error b 190 55. 57 27. 42 19 .25 43, .99 
Total 799 
Mean 80 .19 90 .00 89 .87 83. 46 
C.V. (%) 9 .1 6 .1 5 .3 8, .3 
* 
' Significant at the .05 and .01 probability levels, respectively. 
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merits, and the overall ranges for the two selection types were very 
similar (104.78 and 105.38 q/ha for the visually selected and randomly 
selected groups, respectively). Ranges of MOIST, DRPEARS, and STAND were 
consistently larger for the visually selected group in all environments. 
For STKLDG, ranges were larger for testcrosses in the visually selected 
group at Ames and Ankeny in 1982, environments with low mean STKLDG; 
conversely, at Martinsburg 1982 and Ames 1983, environments with rela­
tively higher mean STKLDG, the random group showed a greater range. For 
RTLDG and RPULL, neither selection type showed a consistently greater 
range across environments. 
Genotypic and environment x genotype variance components and herita-
bilities estimated from the combined analyses of testcross experiments are 
presented in Table 31. Genotypic variance component estimates from the 
testcrosses are usually smaller than those from the S^ lines (Table 18), as 
expected from genetic theory; differences in estimates from the two progeny 
types are confounded with a year effect, however, since the lines and test-
crosses were grown in different years. Significant genotypic variability 
existed for all traits with the exception of DRPEARS in the randomly se­
lected group. All estimates of environment x genotype interaction variance 
were significant, except for the estimates for DRPEARS in both selection 
types, and the estimate for RPULL in the visually selected group. Esti­
mates of environment x genotype interaction variance components for both 
YIELD and STKLDG were large and exceeded their respective estimates of 
genotypic variance for both traits and both selection types. For YIELD, 
the environment x genotype interaction component was 113 and 115% of the 
genotypic variance component for the visually and randomly selected groups, 
Table 31. Estimated genotypic (0^), environment x genotype and experimental error (or^ ) 
/\2  ^
variance components, and estimated heritabilities (h ), calculated from combined analyses 
of variance of testcross experiments conducted at Ames, Ankeny, and Martinsburg in 1982 
and 1983 
^2 % 
Trait VS RS VS RS VS RS 
YIELD 31. 83± 5. ,53 24. ,44± 4. ,58 35. ,85± 5. ,26 28. 20+ 4. ,83 96, ,28 .60 .56 
MOIST 1. ,42+ 0. ,20 1. ,54+ 0. ,20 0. ,69+ 0. ,12 0. 51± 0. ,11 2, ,48 .75 .78 
STKLDG 25. 42± 4. 99 33. .07+ 6. .09 36. ,90+ 5. 47 49. ,17± 6. 15 100. 51 .54 .57 
RTLDG 17. 19± 2. 79 15. ,94+ 2. 73 10. ,02+ 2. ,49 12. ,31± 2. 62 56. ,81 .64 .61 
DRPEARS^ 63. 85+ 9. 74 5. 48+ 4. 53 1. 15± 7. 32 10. 75± 7. 93 173. 40 .69 
__b 
STAND 31. 75± 4. 28 14. 12+ 2, .13 20. 10+ 2. 43 6. 38+ 1, .67 38 ,56 .76 .69 
RPULL 137 .15±29. 73 122 ,31+29. 28 57. 37±32. 41 70, .54±33, .48 387 .97 .52 .48 
%RPEARS values were multiplied by 10^. 
b /\2 Genetic variance was not considered significant; therefore, h was not calculated. 
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respectively. The interaction component for STKLDG was even larger; the 
interaction was 145 and 149% of the genotypic variance for the visually and 
randomly selected groups, respectively. Estimated environment x genotype 
interactions for the other traits were all smaller than their respective 
estimates of genotypic variance. 
For all traits except STAND and DRPEARS, estimates of variance from 
the two selection types were similar and not significantly different. The 
estimate of genotype variance for STAND from the visually selected group 
was twice as large as the estimate from the randomly selected group, while 
the estimate of environment x genotype interaction from the visually se­
lected group was three times larger than the estimate from the randomly 
selected group. This was a reversal of the results observed with the 
lines, where genotypic variance for STAND was larger among randomly se­
lected Sg lines. Significant genotypic variability for DRPEARS was present 
among testcrosses of visually selected lines, but not among testcrosses of 
randomly selected lines. 
Heritability values were lower than those estimated from the lines 
(Table 18) for most traits, and ranged from 0.48 for RPULL in the randomly 
selected group to 0.78 for MOIST in the randomly selected group. Estimated 
heritabilities for each trait were similar for each selection type, with 
neither selection type consistently showing greater heritabilities. The 
heritability values for YIELD (0.60 and 0.56 for testcrosses of visually 
and randomly selected lines, respectively) and STKLDG (0.54 and 0.57) were 
lowered by the large environment x genotype interactions present for those 
traits. Heritability values for RPULL were lowered by the large experimen­
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tal error relative to the genotypic variance, and by less extensive testing 
for this trait than the others. 
Estimates of genotypic variance components and heritabilities from 
individual testcross experiments are presented in Table 32. All estimates 
are biased by environment x genotype interaction. With the exception of 
DRPEARS in the randomly selected group, significant genotypic variance was 
present for all traits in all experiments. For each trait within each ex­
periment, estimates of genotypic variability from the two selection types 
were similar and not statistically different; the only exceptions were 
DRPEARS, where no estimate of genotypic variance from the randomly selected 
group was significant, and STAND, where estimates of genotypic variance 
from the visually selected group were significantly larger than those from 
the randomly selected group at Ames in 1982 and 1983. Other traits with 
discrepancies in estimates of variance between the selection types which 
approached significance were YIELD at Ankeny in 1982 and RPULL at Ames in 
1982. In each case, the variance estimate among testcrosses of the randomly 
selected lines was unaccountably lower. 
Heritability estimates ranged from 0.23 for RTLDG of testcrosses of 
visually selected lines at Ames in 1982 to 0.79 for STAND of the visually 
selected group at Ames in 1983. Generally, for each trait in each experi­
ment, heritability estimates from the two selection types were similar. 
Differences in heritability estimates from the two selection types for a 
given trait reflected the differences in genotypic variance estimates. 
However, for STKLDG at Ames in 1983, heritability for the randomly selected 
group (0.52) was lower than that of the visually selected group (0.65) de­
spite similar estimates of genotypic variability; this was due to a much 
2^ /\2 
Table 32. Estimated genotypic variance components (u^), and estimated heritabilities {h ), for 
traits measured in individual testcross experiments conducted at Ames, Ankeny, and 
Martinsburg in 1982 and 1983 
82041 82042 82043 83041 
Trait Selection type 
/\2 h^ 
*G h^ 
/\2 
*G h^ 
/\2 
*G 
h2 
YIELD 
VS 
RS 
66.94+12.24 
55.03+11.35 
.60 
.54 
90.99+15.43 
48.82+11.67 
. 64 
. 48 
37.421 9.32 
37.52± 9.75 
. 46 
.45 
80.42+14.08 
64.09±13.07 
.62 
.55 
MOIST 
VS 
RS 
4.60+ 0.77 
4.66+ 0.75 
.65 
.67 
1.45+ 0.24 
1.73± 0.25 
. 64 
.73 
0.55+ 0.13 
0.74+ 0.14 
.48 
.59 
1.62+ 0.32 
1.27± 0.29 
.57 
.49 
STKLDG VS 
RS 
3.41+ 1.18 
2.46+ 1.14 
.35 
.27 
12.36+ 2.78 
11.11+ 3.26 
.51 
. 40 
153.51+27.29 
169.40±28.84 
.62 
.64 
108.17117.95 
117.83125.89 
.65 
.52 
RTLDG 
VS 
RS 
12.78+ 7.31 
22.62+ 9.35 
.23 
.30 
21.70+ 3.34 
14.63+ 3.16 
.69 
.52 
23.95± 5.00 
17.27± 3.34 
.54 
.57 
55.57+ 9.84 
53.35110.39 
.62 
.57 
DRPEARS^ 
VS 
RS 
20.00+ 7.24 
0.00± 0.83 
.34 
__b 
42.45+ 7.61 
-3.25± 5.37 
137.70+41.18 
46.70±32.66 
.40 
-_b 
c 
STAND VS 
RS 
75.61+10.78 
30.52+ 6.59 
.75 
.52 
11.74+ 3.35 
9.87± 2.78 
.41 
.42 
20.80± 3.69 
12.86+ 2.50 
.62 
.57 
94.37112.54 
32.761 6.02 
.79 
.60 
RPULL 
VS 
RS 
204.69±47.50 
98.02+41.69 
.49 
.29 
c c 
220.70+39.65 
251.35+48.87 
.61 
.57 
^RPEARS values were multiplied by 10^. 
b /\2 
Genetic variance was not considered significant; therefore, h was not calculated. 
"^No data taken in this environment. 
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larger error b associated with the randomly selected group (221.03) than 
with the visually selected group (115.87)(Table 27). Considering all 
traits, neither selection type gave consistently larger heritability es­
timates . 
Phenotypic and genotypic correlations among testcross traits are 
given in Table 33. Phenotypic correlations were small and not significant 
between most traits. Six and seven of the fifteen phenotypic correlation 
coefficients were significant in the visually and randomly selected groups, 
respectively. Largest correlations were between YIELD and MOIST, YIELD and 
STKLDG, MOIST and STKLDG, MOIST and RTLDG, and RTLDG and RPULL. Of these, 
the correlations between YIELD and MOIST and MOIST and STKLDG were disad-
2 
vantageous to the maize breeder, but the r 's for all coefficients were 
small, ranging from 0.03 for MOIST with STKLDG in the random group to 0.17 
for YIELD with MOIST in the random group. Genotypic correlations generally 
followed the pattern of the phenotypic correlations, but were larger in 
magnitude. The genotypic correlation between YIELD and RPULL for the ran­
domly selected group was over three times larger than the visually selected 
group; this was not evident from the phenotypic correlations. 
Significant differences (P _< 0.05) between selection type phenotypic 
correlations existed for YIELD with MOIST (0.19 vs. 0.41 for the visual and 
random groups, respectively), YIELD with DRPEARS, and MOIST with DRPEARS. 
All other correlations from the two selection types were not significantly 
different. The relationships of other traits with DRPEARS are difficult 
to interpret due to the very low expression of DRPEARS. The positive cor­
relation of YIELD with MOIST, usually seen in maize populations, was sig­
nificantly less for testcrosses of visually selected lines than for test-
Table 33. Phenotypic {above diagonal) and genotypic {below diagonal) correlations among traits of 
testcrosses of visually and randomly selected lines evaluated at Ames, Ankeny, and 
Martinsburg in 1 982 and 1983^ 
Selection 
Trait type YIELD MOIST STKLDG RTLDG DRPEARS^ RPULL^ 
VS 0.19 -0.32 0.04 -0.16 0.13 
RS 0.41 -0.33 0.02 0.08 0.15 
wnTCT VS 0.30 -0.23 0.20 0.02 0.00 
RS 0.66 -0.16 0.21 0.22 0.01 
VS -0.36 -0.39 -0.05 -0.03 0.03 
RS -0.38 -0.26 0.05 -0.08 -0.08 
VS 0.05 0.31 0.02 0.11 -0.24 
RS 0.12 0.31 0.13 0.10 -0.20 
drpears o'ob, -0.11, 0.18, -0.12 
no —— ——— —— —— U*Uh 
VS 0.15 0.05 0.21 -0.50 -0.34. 
RS 0.54 0.10 -0.13 -0.47 
^Phenotypic correlations > 0.14 and > 0.18 are significant at the .05 and .01 probability 
levels, respectively. 
'^DRPEARS measured at Ames, Ankeny, and Martinsburg in 1982 only. 
''RPULL measured in 1982 and 1983 at Ames corn borer nursery only. 
^Genetic variance was not considered significant; therefore, genotypic correlations were 
not calculated. 
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crosses of random lines, and this relationship was reflected in the geno-
typic correlation as well. The same trend was seen in the correlations 
of YIELD with MOIST (Table 20), although the differences there were not 
significant. A reduced correlation between YIELD and MOIST would be ad­
vantageous to the maize breeder, other things being equal. 
Predicted genetic gains and correlated responses from single-trait 
selection among testcrosses are presented in Table 34. For each trait, 
gains predicted from selection among testcrosses of either selection type 
were similar. Slightly greater gains of 0.75 q/ha and 0.87 kg per year 
were predicted for YIELD and RPULL, respectively, by selection among test-
crosses of visually selected lines. Conversely, a greater reduction in 
STKLDG of 0.71% per year was predicted from selection among testcrosses 
of randomly selected lines. Because the variance components used to cal­
culate these gains have large standard errors, however, small differences 
in predicted gains may not be realized. 
Of the 20 correlated responses predicted, 10 were more favorable in 
the visually selected group, nine were more favorable in the random group, 
and one was identical in both groups. In no instance did a correlated 
response give greater gain for a trait than did direct selection for the 
trait; this is expected given the small correlations among traits (Table 
33). Selection for increased RPULL, however, would be expected to result 
in a correlated reduction in RTLDG equal to 58 and 62% of the reduction 
expected from direct selection for RTLDG in the visually and randomly se­
lected groups, respectively. An increase in RPULL equal to 54 and 58% of 
gain from direct selection for RPULL in the visually and randomly selected 
groups, respectively, would be expected as a correlated response to selec-
Table 34. Predicted genetic gain per year from single-trait selection for primary trait 
(on diagonal), and correlated responses in secondary traits, from selection 
among testcrosses of plants^ 
Selection Predicted gains 
Traits type YIELD MOIST STKLDG RTLDG RPULL 
HELD 
MOIST 
WQ 
STKLDG 
RTLDG II 
UQ 
RPULL Rs 
q/ha % kg 
4.82 0.31 -1.56 0.18 1.21 
4.07 0.67 -1.81 0.41 2.55 
-1.63 -1.13 1.87 -1.23 -0.68 
-3.15 -1.21 1.48 -1.19 -1.29 
1.65 0.37 -4.07 -0.08 -1.49 
1.57 0.34 -4.78 -0.44 0.45 
-0.25 -0.33 -0.11 -3.65 5.80 
-0.52 -0.33 -0.65 -3.43 5.65 
0.62 0.07 0.72 -2.13 10.67 
1-23 0.13 -0.25 -2.11 9.80 
^Predicted gains based on three year selection cycle, progeny evaluation using two replications 
in each of four environments, 12.5% selection intensity {k = 1,65), and recombination of selfed seed. 
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tion for reduced RTLDG. Other favorable predicted correlated responses 
included those in RPULL and STKLDG when selecting for greater YIELD, RTLDG 
when selecting for lower MOIST, and YIELD when selecting for less STKLDG 
or greater RPULL. As in the S^ lines, selection for lower MOIST would be 
expected to produce undesirable correlated responses in all traits except 
RTLDG. 
Predicted gains from Smith-Hazel index selection among testcrosses 
for YIELD, MOIST, STKLDG, RTLDG, and RPULL are shown in Table 35. Gain 
predicted for YIELD from index selection among testcrosses of visually 
selected lines was 0.8 q/ha greater per year than that from selection 
among testcrosses of randomly selected lines. Predicted gains from selec­
tion among testcrosses in the visually selected group also were superior 
for MOIST and RTLDG, but were smaller than gains predicted from selection 
among testcrosses in the randomly selected group for STKLDG and RPULL. 
An undesirable increase in MOIST accompanied selection for greater YIELD 
and RPULL and reduced STKLDG in both groups. Gains predicted in YIELD, 
MOIST, STKLDG, RTLDG, and RPULL from Smith-Hazel index selection among 
testcrosses of visually selected lines were 84, -20, 56, 42, and 38%, 
respectively, of gains predicted from the single-trait index selection 
shown in Table 35. From Smith-Hazel index selection among testcrosses 
of randomly selected lines, predicted gains for the same five traits were 
75, -46, 73, 41, and 62% of predicted gains from single-trait index se­
lection. The Smith-Hazel single-trait indices presented in Table 35 re­
sulted in predicted gains and correlated responses very similar to those 
given in Table 34. 
Table 35. Predicted genetic gain per year from Smith-Hazel index selection among plant test-
crosses, and predicted gain and correlated responses from index selection for each 
trait alone^ 
Traits selected 
in index 
Selection 
type YIELD 
Predicted gains 
MOIST STKLDG RTLDG RPULL 
All 
YIELD 
MOIST 
STKLDG 
RTLDG 
RPULL 
q/ha % kg 
vs 4.11 0.23 -2.39 -1.59 3.76 
RS 3.31 0.57 -3.57 -1.49 5.83 
VS 4.88 0.47 -1 .81 0.32 1 .05 
RS 4.41 1.01 -2.09 0.73 3.03 
VS -1.98 -1.15 2.13 -1.41 -0.67 
RS -3.62 -1.23 1.67 -1.34 -1.59 
VS 2.07 0.57 -4.28 -0.05 -1.72 
RS • 1.89 0.42 -4.89 -0.55 0.79 
VS -0.41 -0.43 -0.05 
-3.79 6.78 
RS -0.89 -0.45 -0.75 -3.62 6.60 
VS 0.51 0.08 0.74 -2.57 9.99 
RS 1.43 0.21 -0.41 -2.56 9.35 
^Predicted gains based on three year selection cycle, progeny evaluation using two replications 
in each of four environments, 12.5% selection intensity (k = 1.65), and recombination of selfed seed. 
^Traits included were YIELD, MOIST, STKLDG, RTLDG, and RPULL. 
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Table A7 lists the 50 superior testcrosses chosen by the Smith-Hazel 
index. Twenty-seven of the 50 entries selected were testcrosses of ran­
domly selected lines, showing that visual selection among and within 
lines was not effective in developing lines with combining ability supe­
rior to that of randomly selected lines. Similar results were seen using 
the rank summation index, where 28 of the 50 selections were testcrosses 
of randomly selected lines (Table A10). Testcrosses superior for YIELD, 
MOIST, STKLDG, and RPULL are listed in Tables A12 to A15. Testcrosses 
of visually selected lines accounted for 28, 20, 24, and 23 of the 50 
superior entries for YIELD, MOIST, STKLDG, and RPULL, respectively. Thus, 
for YIELD considered alone visual selection seems to have had a slight ef­
fect, but more than half the superior entries for MOIST, STKLDG, and RPULL 
were testcrosses of randomly selected lines. 
Relationships Between S^ Lines and Testcrosses 
Estimates of additive variance 
Genotypic and environment x genotype interaction variance components 
were translated to estimates of additive and environment x additive vari­
ance for both the S^ lines and testcrosses. The estimates are given in 
Table 36. Within a progeny type, significant differences between esti­
mates of variance from the visually and randomly selected groups were 
present for those traits for which estimates of genotypic or environment 
X genotype variance differed as described earlier; because the translation 
of genotypic variance to additive variance is a linear one, these compar­
isons will not change. To summarize these differences, additive variance 
estimates differed significantly between selection types of the S^ lines 
Table 36. Estimated additive ('s^) and environment x additive variance components, calculated 
from combined analysis of variance of and testcross experiments conducted at Ames, 
Ankeny, and Martinsburg in 1981, 1982, and 1983 
/\2 ^2 
°A ^EA 
Trait Selection type ^2 TC 32 TC 
YIELD 
VS 
RS 
55.98+ 6.53 
55.77+ 6.59 
84.88+14.75 
65.17+12.21 
11.32+1.98 
10.80±1.95 
95.50+14.03 
75.20+12.88 
MOIST 
VS 
RS 
2.87+ 0.41 
2.69+ 0.37 
3.79+ 0.53 
4.11+ 0.53 
1.53+0.23 
1.27+0.21 
1.84+ 0.32 
1.35+ 0.29 
STKLDG 
VS 
RS 
76.65+11.30 
92.23+13.50 
67.79+13.31 
88.19+16.24 
64.72+7.01 
81.54+8.21 
98.40+14.59 
131.12+16.40 
RTLDG 
VS 
RS 
15.45+ 1.92 
8.11+ 1.32 
45.84+ 7.44 
42.51+ 7.28 
3.93+0.73 
7.65+0.99 
26.72+ 6.64 
32.83+ 5.99 
DRPEARS® VS 
RS 
27.85+ 6.32 
10.05+ 5.17 
170.27+25.97 
14.61+12.08 
17.63+7.23 
30.23+8.07 
3.07+19.52 
28.67+21.15 
STAND 
VS 
RS 
30.36+ 4.22 
74.21+ 8.63 
84.67+11.41 
37.65+ 5.68 
9.26+2.42 
8.30+2.35 
53.60+ 6.48 
17.01± 4.45 
RPULL 
VS 
RS 
170.24+33.43 
232.93+35.81 
365.73+79.28 
326.16+78.08 
_ _b 152.99+86.43 
188.11+89.28 
%RPEARS values were multiplied by 10^. 
RPULL data taken in one environment only. 
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for RTLDG, DRPEARS, and STAND, and of the testcrosses for DRPEARS and 
STAND. Of greater interest to the present discussion is a comparison 
of the estimates of variance from the two progeny types. Estimates of 
additive variance from the S^ and testcross progeny for YIELD, MOIST, 
and STKLDG were very similar given that the estimates were obtained from 
different progeny types evaluated in different years and at a different 
number of locations. Considering each of the three traits separately, 
all estimates (e.g. from the two progeny types and the two selection 
types) lie within plus or minus two standard errors of one another. For 
YIELD, additive variance averaged over all four estimates was 65.45 ± 
8.39; averaged over the two estimates from the random selections, addi­
tive variance was 50.47 ± 9.40. Additive variance for MOIST was 3.37 ± 
0.46 and 3.40 ± 0.45 averaged over all four estimates and the two random 
selection group estimates, respectively; STKLDG additive variance was 
81.22 ± 13.59 and 90.21 ± 14.87 when calculated in the same manner. 
Thus, although variances among entries of the randomly selected group 
were considered the best estimates of population parameters of Lancaster 
Composite, for these traits additive variance estimates were similar re­
gardless of progeny type or selection group. No significant differences 
existed between the additive variance estimates for RPULL, but the S^ 
and testcross estimates were less similar for RPULL than they were for 
YIELD, MOIST, or STKLDG. The S^ estimate for RPULL, however, is biased 
by environment x genotype interaction. 
Significant differences existed between S^ and testcross additive 
variance estimates for RTLDG and STAND in both the visually and randomly 
selected groups, and between the estimates from the visually selected 
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group for DRPEARS. The increased additive variance estimate for RTLDG 
from the testcrosses was largely due to the greater expression of RTLDG 
among the testcrosses than among the lines (6.39% and 2.32%, respec­
tively, averaged over both selection types and all environments). In­
creased additive variance for DRPEARS among testcrosses of visually 
selected lines relative to the variance was caused by several testcross 
entries with large values for DRPEARS (Table A3). Estimates of STAND ad­
ditive variance from the visually and randomly selected groups of the S^ 
lines were the reverse of the estimates from those groups in the test-
crosses; that is, the estimate from the visually selected group of S^ 
lines was equivalent to the estimate from the testcrosses of random lines, 
and vice versa. This reversal of variances reflects the reversal of mean 
STAND in the two selection groups observed between the S^ lines and test-
crosses (Tables 10 and 24). The reasons for these reversals are not 
obvious. 
Environment x additive variance component estimates differed signif­
icantly between the S^ lines and testcrosses for every trait except MOIST, 
STKLDG of the visually selected group, and STAND of the randomly selected 
group. With the exception of DRPEARS of the visually selected group, the 
estimate of environment x additive variance was larger for the testcrosses 
than for the S^ lines in every case where the difference in variance 
estimates from the two progeny types was significant. Because estimates 
from the S^ and testcross progenies were obtained in different years and 
from a different number of locations, these differences in the magnitude 
of environment x additive variance interaction may be due to different 
evaluation environments, differences in the way the two progeny types 
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respond under varying environmental conditions, or both. For the visually-
selected group, the environment x additive variance estimate for testcross 
YIELD was 113% of the estimated additive variance, compared to 20% in the 
case of Sg YIELD. Similarly, the interaction variance in the randomly 
selected group was 115% and 19% of the additive variance estimate for 
testcross and YIELD, respectively. The estimates of environment x 
additive variance for STKLDG of the visual and random groups were 145% 
and 149% of their estimates of additive variance, respectively, compared 
to corresponding values of 84% and 88%. All other significant esti­
mates of interaction variance were smaller than their corresponding es­
timates of additive variance, and ranged in percent of additive variance 
from 11% for STAND of randomly selected S^ lines to 94% for RTLDG of ran­
domly selected S^ lines. 
Estimates of additive genetic variance for the visually and randomly 
selected groups of entries are given in Tables 37 and 38 for individual S^ 
and testcross experiments, respectively. Significant differences between 
selection types for particular traits within experiments are the same as 
those discussed for genotypic variance in individual experiments (Tables 
19 and 32). Tables 37 and 38 illustrate that estimates of additive ge­
netic variance from different environments can differ greatly, and show 
the importance of measuring traits affected by environment x genotype 
interaction in an adequate number of environments in order to remove the 
interaction bias from the estimate of additive variance. 
Table 37. Estimated additive variance components (a^) for traits 
experiments conducted at Ames, Ankeny, and Martinsburg 
measured in individual 
in 1981 
=2 
81041 81042 81043 
Trait Selection type *A 'I  
YIELD 
VS 
RS 
78.43± 9.19 
79.19+ 9.23 
55.33+ 7.77 
52.73+ 7.56 
68.83+ 8.57 
67.13± 8.55 
MOIST 
VS 
RS 
9.73+ 1.18 
8.53+ 1.06 
1.44+ 0.42 
1.38+ 0.47 
2.22+ 0.29 
1.76+ 0.25 
STKLDG VS 
RS 
24.57+ 3.12 
45.69± 5.33 
80.84+10.21 
93.02±12.53 
333.46+39.89 
367.76+45.66 
RTLDG 
VS 
RS 
20.10+ 2.55 
22.49+ 3.03 
27.87+ 4.14 
18.19± 2.39 
8.09± 1.24 
8.70+ 1.33 
DRPEARS^ VS RS 
14.60± 6.00 
4.80+ 4.23 
22.40+ 8.47 
4.47+ 3.49 
85.17+28.93 
125.90±32.89 
STAND VS RS 
41.83± 6.91 
87.59+11.53 
23.06+ 5.79 
70.49± 9.79 
51.91+ 7.39 
91.55+11.25 
RPULL^ 
VS 
RS 
170.24+33.43 
232.93135.81 — — — — 
^RPEARS values were multiplied by 10^. 
^RPULL data taken in one environment only. 
Table 38. Estimated additive variance components (a^) for traits measured in individual testcross 
experiments conducted at Ames, Ankeny, and Martinsburg in 1982 and 1983 
82041 82042 82043 83041 
Trait Selection type 
/~2 
*A n 
YIELD 
VS 
RS 
178.51+ 
146.75± 
32.64 
30.27 
242.64+41.15 
130.19±31.12 
99.79+ 
100.32± 
24.85 
26.00 
214.45+ 37.55 
170.91+ 34.85 
MOIST 
VS 
RS 
12.27+ 
12.43+ 
2.05 
2.00 
3.87+ 0.64 
4.61+ 0.67 
1.47± 
1.97+ 
0.35 
0.37 
4.32+ 0.85 
3.39+ 0.77 
STKLDG 
VS 
RS 
9.09± 
6.56+ 
3.15 
3.04 
32.96+ 7.41 
29.63+ 8.69 
409.36+ 
451.73+ 
72.77 
76.91 
288.45+ 47.87 
314.21+ 69.04 
RTLDG 
VS 
RS 
34.08+ 
60.32+ 
19.49 
24.93 
57.86+ 8.91 
39.01+ 8.43 
63.87+ 
46.05+ 
13.33 
8.91 
148.19± 26.24 
142.27+ 27.71 
DRPEARS^ 
VS 
RS 
53.33+ 
0.00+ 
19.31 
2.21 
113.20+20.29 
-8.67+14.32 
367.20±109.81 
124.53± 87.09 
b 
STAND 
VS 
RS 
201.63+ 
81.39± 
28.75 
17.57 
31.31± 8.93 
26.32+ 7.41 
55.47± 
34.29+ 
9.84 
6.67 
251.65+ 33.44 
87.36+ 16.05 
RPULL 
VS 
RS 
545.84+126,67 
261.39+111.17 
b _b 588.53+105.73 
670.27+130.32 
%RPEARS values were multiplied by 10^. 
^No data taken in this environment. 
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Correlations of and testcross performance 
Simple and genotypic correlations calculated among traits of visually 
selected lines and their testcrosses are presented in Table 39, and 
corresponding correlations for the randomly selected lines and test-
crosses are given in Table 40. Correlations were calculated using entry 
means over three and four environments for the lines and testcrosses, 
respectively, with the exception of RPULL entry means, which were averaged 
over two environments for the testcrosses and were from one environment 
for the Sg lines. Correlations between identical and testcross traits 
are on the diagonal; simple correlations ranged from 0.19 for RPULL to 
0.60 for MOIST of the visually selected entries, and from 0.17 for YIELD 
to 0.58 for MOIST of the randomly selected entries. All simple correla­
tions between identical S^ and testcross traits were highly significant, 
with the exception of that for YIELD of the randomly selected entries. 
2 2 The r values, however, were low, with the highest r equal to 0.36 for 
the correlation of MOIST of the visually selected S^ lines and test-
crosses. The simple correlation between S^ and testcross RTLDG was 
significantly larger for the visually selected group (r = 0.56) than 
the randomly selected group (r = O.40). Conversely, for RPULL the cor­
relation between randomly selected S^ lines and their testcrosses (r = 
0.39) was significantly greater than that of the visually selected group 
(r = 0.19). Genotypic correlations followed the pattern of the simple 
correlations but were larger. 
Relationships between and testcross YIELD entry means for the 
visually and randomly selected groups are presented in Figures 1 and 2, 
Table 39. Simple and genotypic (in parentheses) 
traits of visually selected S^ lines 
correlations, calculated from entry means, 
and testcrosses^ 
among 
Testcross 
traits 
Sg traits 
YIELD MOIST STKLDG RTLDG DRPEARS RPULL 
YIELD 
0.22 
(0.32) 
0.20 
(0.29) 
-0.28 
(-0.42) 
0.09 
(0.13) 
0.02 
(0.04) 
0.09 
(0.16) 
MOIST 
0.03 
(0.04) 
0.60 
(0.82) 
-0.25 
(-0.35) 
0.17 
(0.22) 
0.03 
(0.06) 
0.01 
(0.02) 
STKLDG 
-0.03 
(-0.05) 
-0.12 
(-0.19) 
0.48 
(0.79) 
0.03 
(0.06) 
-0.12 
(-0.24) 
-0.12 
(-0.22) 
RTLDG 
0.01 
(0.02) 
0.21 
(0.31) 
-0.18 
(-0.28) 
0.56 
(0,78) 
0.23 
(0.45) 
-0.16 
(-0.27) 
DRPEARS -0.05 (-0.07) 
0.02 
(0.02) 
-0.09 
(-0.13) 
-0.02 
(-0.03) 
0.27 
(0.52) 
0.04 
(0.06) 
RPULL 
-0.01 
(-0.01) 
-0.08 
(-0.12) 
0.06 
(0.11) 
-0.12 
(-0.19) 
0.00 
(-0.01) 
0.19 
(0.37) 
^Simple correlations > 0.14 and > 0.18 are significant at the .05 and .01 probability levels, 
respectively. 
Table 40. Simple and genotypic (in parentheses) correlations, calculated from entry means, among 
traits of randomly selected S^ lines and testcrosses^ 
Sg traits 
xco uuiuaa 
traits YIELD MOIST STKLDG RTLDG DRPEARS RPULL 
YIELD 0.17 (0.25) 
0.15 
(0.25) 
-0.38 
(-0.63) 
-0.10 
(-0.16) 
-0.06, 
( —)b 
0.13 
0.23 
MOIST 0.16 (0.19) 
0.58 
(0.81) 
-0.34 
(-0.48) 
0.16 
(0.23) 
0.03, 
( )b 
-0.02 
(-0.03) 
STKLDG -0.13 (-0.20) 
-0.06 
(-0.11) 
0.55 
(0.95) 
0.17 
(0.30) 
-0.08, 
( ) 
-0.07 
(-0.12) 
RTLDG 
0.01 
(0.02) 
0.17 
(0.26) 
-0.09 
(-0.14) 
0.40 
(0.65) 
-0.04, 
( )b 
-0.14 
(-0.23) 
DRPEARS 0.15, ( )b 
0.12, 
( )b 
-0.09. 
( —)b 
0.03, 
( )b 
0.10, 
( )b 
0.07, 
( )b 
RPULL 0.10 (0.16) 
-0.04 
(-0.06) 
-0.03 
(-0.06) 
-0.13 
(-0.25) 
0.04 
( )b 
0.39 
(0.71) 
^Simple correlations > 0.14 and > 0.18 are significant at the .05 and .01 probability levels, 
respectively. 
Genetic variance was not considered significant; therefore, genotypic correlations were 
not calculated. 
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Figure 1. Scatter diagram of YIELD of 200 visually selected 3^ lines and 
their testcrosses, plotted in phenotypic standard deviations 
(dashed lines at 0 = means = 31.10 q/ha for S^ lines and 81.02 
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respectively. Each graph illustrates the small relationship for YIELD 
between the two progeny types. lines identified as above average in 
YIELD were below average in testcross YIELD in 37 of 94 instances (39%) 
and 40 of 100 instances (40%) for the visually and randomly selected 
groups, respectively. Of 106 testcrosses superior to the mean for YIELD 
in the visually selected group, 49 (46%) were below average in YIELD, 
and 52 of 112 testcrosses (46%) in the random group that were above av­
erage in testcross YIELD were below average in YIELD as lines. Common 
identification of entries by both progeny types as above or below the 
mean (those cases where an entry was above average as both an line 
and a testcross or below average as both an line and a testcross) was 
achieved only 114 of 200 times (57%) in the visually selected group and 
108 of 200 times (54%) in the randomly selected group. The greatest-
yielding visually selected line, entry 1072, yielded 76.55 q/ha, or 
4.6 phenotypic standard deviations above the mean (Table A1); its test-
cross YIELD was 81.79 q/ha, or 0.1 phenotypic standard deviations above 
the testcross mean. The greatest-yielding testcross of a visually se­
lected line, entry 1199, yielded 96.19 q/ha, or 2.1 phenotypic standard 
deviations above the mean (Table A3), while the line YIELD was 34.89 
q/ha, or 0.4 phenotypic standard deviations above the mean. In the 
randomly selected group, the greatest-yielding line was entry 2026; 
its Sg and testcross YIELD was 65.30 q/ha (3.7 phenotypic standard devi­
ations above the mean) and 79.28 q/ha (0.3 phenotypic standard devi­
ations below the testcross mean), respectively (Tables A2 and A4). The 
testcross in the randomly selected group with greatest YIELD, entry 2077, 
yielded 97.14 q/ha as a testcross, or 2.4 phenotypic standard deviations 
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above the testcross mean, and 19.42 q/ha as an line, or 1.0 phenotypic 
standard deviation below the mean (Tables A2 and A4). These plotted 
points can be easily discerned in Figures 1 and 2. Thus, in the visually 
selected group, the greatest-yielding line was just slightly above 
average as a testcross, and the greatest-yielding testcross was produced 
with an line with above average YIELD per se. Conversely, in the ran­
domly selected group, the greatest-yielding line was below average in 
testcross performance, and the greatest-yielding testcross came from an 
Sg line well below average in YIELD. 
Correlations between and testcross MOIST entry means were the 
largest of any calculated (r = 0.60 and r = 0.58 for the visually and 
randomly selected groups, respectively) between identical and test-
cross traits (Tables 39 and 40). These relationships are graphed in 
Figures 3 and 4. MOIST was a good indicator of testcross MOIST, and 
vice-versa. S^ lines below average in MOIST were also below average in 
testcross MOIST 74 of 100 times (74%) and 78 of 108 times (72%) in the 
visually and randomly selected groups, respectively. Identification of 
entries as being either above or below average in MOIST by both progeny 
types occurred 151 of 200 times (75%) in the visually selected group and 
153 of 200 times (77%) in the randomly selected group. 
The graphs illustrating correlations between S^ and testcross per­
formance for STKLDG (Figures 5 and 6) and RTLDG (Figures 7 and 8) reveal 
that a disproportionate amount of the correlation for each trait is prob­
ably due to the grouping of values at the lower extreme of the distribu­
tions. Average expression of both traits was low in both progeny types. 
For STKLDG, a reasonably good relationship is evident between S^ and 
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Figure 3. Scatter diagram of MOIST of 200 visually selected S^ lines and 
their testcrosses, plotted in phenotypic standard deviations 
(dashed lines at 0 = means = 24.97% for S^ lines and 23.19% 
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Figure 4. Scatter diagram of MOIST of 200 randomly selected S^ lines and 
their testcrosses,'plotted in phenotypic standard deviations 
(dashed lines at 0 = means = 24.31% for S^ lines and 22.89% for 
testcrosses; S^ cTp = 2.32% and testcross cTp = 1.42%) 
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Figure 5. Scatter diagram of STKLDG of 200 visually selected S^ lines and 
their testcrosses, plotted in phenotypic standard deviations 
(dashed lines at 0 = means = 15.48% for S^ lines and 18.78% for 
testcrosses; S^ cTp = 12.75%'and testcross = 6.87%) 
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Figure 6. Scatter diagram of STKLDG of 200 randomly selected S^ lines and 
their testcrosses, plotted in phenotypic standard deviations 
(dashed lines at 0 = means = 17.86% for S^ lines and 20.73% for 
testcrosses; S^ ffp = 13.94% and testcross cTp = 7.61%) 
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Figure 7. Scatter diagram of RTLDG of 200 visually selected lines and 
their testcrosses, plotted in phenotypic standard deviations 
(dashed lines at 0 = means = 2.28% for S^ lines and 6.28% for 
testcrosses; cTp = 5.29% and testcross cTp = 5.18%) 
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Figure 8. Scatter diagram of RTLDG of 200 randomly selected S^ lines and 
their testcrosses, plotted in phenotypic standard deviations 
(dashed lines at 0 = means = 2.35% for S^ lines and 7.61% for 
testcrosses; 3^ ffp = 4.84% and testcross CTp = 5.11%) 
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testcross performance. If those lines with above average STKLDG had 
been discarded, only 29 of 113 (26%) and 26 of 105 (25%) testcrosses with 
below average STKLDG would have also been discarded in the visually and 
randomly selected groups, respectively. Had the testcrosses with above 
average STKLDG been discarded, S^ lines with below average STKLDG would 
have been discarded 44 of 128 times (34%) in the visually selected group 
and 40 of 119 times (34%) in the randomly selected group. For STKLDG and 
particularly for RTLDG, however, correlations of performance between S^ 
lines and testcrosses seem of little value, because so many entries ex­
hibited little or no STKLDG or RTLDG as both S^ lines and testcrosses 
(e.g., those entries plotted in the lower, left-hand quadrants). Figures 
7 and 8 show that the significant difference between RTLDG r values from 
the visually selected and randomly selected group has little meaning. 
Correlations between S^ and testcross RPULL entry means were 0.19 
and 0.39 for the visually and randomly selected groups, respectively. 
The distributions are shown in Figures 9 and 10. Although the correla­
tions were significantly different, the diagrams reveal little difference 
in the number of entries present in each quadrant. In the visually se­
lected group, Sg lines above average for RPULL were below average as 
testcrosses in 40 of 98 instances (41%). In the randomly selected group, 
lines with above average RPULL were below average as testcrosses 40 of 96 
times (43%). Testcrosses above average for RPULL were below average as 
S^ lines 40 of 98 times (41%) and 35 of 91 times (38%) in the visually 
and randomly selected groups, respectively. Entries were identified as 
either above average or below average by both progeny types in 120 of 200 
instances (60%) in the visually selected group and 125 of 200 instances 
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Figure 9. Scatter diagram of RPULL of 200 visually selected S^ lines and 
their testcrosses, plotted in phenotypic standard deviations 
(dashed lines at 0 = means = 119.34 kg for lines and 158.08 
kg for testcrosses; S^ ffp = 21.23 kg and testcross or^ = 16.21 
kg) 
148 
R 
P 
U 
L 
L 
A 
3 
2 
1 
0 
• 1  '  
- 2 .  
•3. 
•4 -
40 56 
nj. 
a! 
n rfJ i' 
' B " ° 
-
V-% 
a 
.S..S.B. 
n n " 
"  n « f  
69 
n a 
tP a °n 
35 
r = 0.39 
111111111111111111111111111111111111111111111111111111111111111111111111111111111 
-4 -3 - 2  
Testcross RPULL 
Figure 10. Scatter diagram of RPULL of 200 randomly selected S^ lines and 
their testcrosses, plotted in phenotypic standard deviations 
(dashed lines at 0 = means = 117.72 kg for lines and 158.71 
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(63%) in the randomly selected group. Thus, the two progeny types often 
did not agree as to the value of an entry for RPULL. line RPULL per­
formance was a poor indicator of testcross RPULL performance; entry 
means for RPULL were collected in only one environment, however. 
Simple and genotypic correlations between differing and testcross 
traits are given on the off-diagonals in Tables 39 and 40 for the visually 
and randomly selected groups. No significant differences existed between 
the simple correlations from the two selection types, with the exception 
of testcross RTLDG with DRPEARS (r = 0.23 in the visual group and r = 
-0.04 in the random group) and YIELD with testcross DRPEARS (r = -0.05 
in the visual group and r = 0.15 in the random group). Of 30 possible 
simple correlations on the off-diagonals, only eight and nine correla­
tions were significant in the visually and randomly selected groups, 
respectively, and all were small. Of greatest interest are the correla­
tions of Sg traits with testcross YIELD, represented by the top line of 
Tables 39 and 40. The S^ trait most strongly correlated with testcross 
YIELD was STKLDG, with an average correlation over the two selection types 
of r = -0.33. The only other S^ trait correlated significantly with test-
cross YIELD was MOIST, with an average correlation of r = 0.175. Neither 
S^ trait was correlated strongly enough with testcross YIELD to be of any 
predictive value, although the estimated genotypic correlation of S^ 
STKLDG and testcross YIELD averaged -0.53. 
Correlations between S^ traits and testcross YIELD were considered 
further by calculating simple and genotypic correlations between these 
traits from all individual experiments (Tables 41 and 42). In the visu­
ally selected group (Table 41), S^ and testcross YIELD was significantly 
Table 41. Simple and genotypic (in parentheses) correlations, calculated from entry means from 
individual experiments, between S traits and testcross YIELD of visually selected 
entries^ 
Sg YIELD from testcross experiments 
Sg traits experiments 82041 82042 82043 83041 
YIELD 81041 
81042 
81043 
0.10 
0.12 
0.17 
(0.15) 
(0.18) 
(0.26) 
0.12 
0.15 
0.23 
(0.17) 
(0.22) 
(0.34) 
0.18 
0.21 
0.19 
(0.30) 
(0.37) 
(0.34) 
0.12 
0.00 
0.02 
(0.17) 
(0.00) 
(0.04) 
MOIST 81041 
81042 
81043 
0.11 
0.13 
0.19 
(0.15) 
(0.26) 
(0.27) 
0.22 
0.10 
0.20 
(0.31) 
(0.19) 
(0.27) 
0.03 
0.02 
0.00 
(0.05) 
(0.06) 
(0.00) 
0.03 
0.20 
0.10 
(0.04) 
(0.39) 
(0.14) 
STKLDG 81041 
81042 
81043 
-0.03 
-0.03 
-0.03 
(-0.04) 
(-0.05) 
(-0.04) 
-0.18 
-0.26 
-0.30 
(-0.24) 
(-0.35) 
(-0.41) 
-0.14 
-0.23 
-0.16 
(-0.23) 
(-0.37) 
(-0.26) 
-0.09 
-0.18 
-0.20 
(-0.12) 
(-0.25) 
(-0.28) 
RTLDG 81041 
81042 
81043 
0.02 
0.03 
-0.05 
(0.03) 
(0.05) 
(-0.08) 
0.15 
0.21 
0.22 
(0.21) 
(0.30) 
(0.32) 
-0.03 
-0.02 
0.04 
(-0.06) 
(-0.04) 
(0.08) 
0.00 
-0.01 
0.07 
(0.00) 
(-0.02) 
(0.10) 
DRPEARS 81041 
81042 
81043 
-0.09 
0.01 
-0.02 
(-0.21) 
(0.02) 
(-0.04) 
0.06 
0.01 
0.11 
(0.14) 
(0.02) 
(0.27) 
-0.05 
0.09 
-0.04 
(-0.14) 
(0.22) 
(-0.10) 
0.00 
0.05 
-0.04 
(-0.01) 
(0.10) 
(-0.11) 
RPULL 81041 0.20 (0.35) 0.10 (0.17) 0.02 (0.03) 
-0.07 (-0.13) 
^Simple correlations > 0.14 and > 0.18 are significant at the .05 and .01 probability levels, 
respectively. 
Table 42. Simple and genotypic (in parentheses) correlations, calculated from entry means from 
individual experiments, between S traits and testcross YIELD of randomly selected 
entries^ 
Sg YIELD from testcross experiments 
Sg traits experiments 82041 82042 82043 83041 
YIELD 81041 
81042 
81043 
0.01 
0.12 
0.06 
(0.02) 
(0.20) 
(0.10) 
0.02 
0.05 
0.10 
(0.02) 
(0.08) 
(0.16) 
0.17 
0.25 
0.18 
(0.29) 
(0.45) 
(0.30) 
0.10 
0.09 
0.12 
(0,06) 
(0.14) 
(0.18) 
MOIST 81041 
81042 
81043 
0.08 
-0.01 
0.04 
(0.13) 
(-0.02) 
(0.06) 
0.23 
0,01 
0.22 
(0.39) 
(0.02) 
(0.37) 
0.11 
0.09 
0.18 
(0.20) 
(0.24) 
(0.32) 
0.01 
0-03 
0.03 
(0.02) 
(0.08) 
(0.05) 
STKLDG 81041 
81042 
81043 
0.08 
0.00 
-0.06 
(0.12) 
(-0.01) 
(-0.10) 
-0.15 
-0.25 
-0.36 
(-0.24) 
(-0.41) 
(-0.60) 
-0.18 
-0.22 
-0.25 
(-0.30) 
(-0.39) 
(-0.44) 
-0.25 
-0.35 
-0.34 
(-0.37) 
(-0.55) 
(-0.54) 
RTLDG 81041 
81042 
81043 
0.01 
-0,05 
0.00 
(0.02) 
(-0.08) 
(0.00) 
-0.02 
-0.10 
0.03 
(-0.02) 
(-0.17) 
(0.04) 
-0.11 
-0.07 
0.10 
(-0.18) 
(-0.12) 
(0.19) 
-0.10 
-0.14 
-0.06 
(-0.16) 
(-0.22) 
(-0.09) 
DRPEARS 81041 
81042 
81043 
-0.05 
-0.07 
-0.09 (-0.20) 
-0.01 
0.02 
-0.10 (-0.22) 
-0.04 
0.08 
0.03 (0.07) 
0.06 
0,01 
-0.02 (-0.05) 
RPULL 81041 0.08 (0.14) 0.14 (0.26) 0.09 (0.17) 0,05 (0.08) 
^Simple correlations > 0.14 and > 0.18 are significant at the .05 and .01 probability levels, 
respectively, 
'^Genetic variance was not considered significant; therefore, genotypic correlations were not 
calculated. 
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correlated for only 6 of the 12 possible simple correlations, and all sig­
nificant correlations were small, ranging from 0.15 to 0.23. In the ran­
domly selected group (Table 42), YIELD from individual experiments was 
significantly correlated only with testcross YIELD at Martinsburg in 1982, 
which was the lowest-yielding testcross experiment. line YIELD seemed 
to bear little relationship to testcross YIELD. 
No other trait had any predictive value for testcross YIELD. Sg 
line MOIST was significantly correlated with testcross YIELD in only 4 
and 3 of the 12 possible simple correlations in the visually and randomly 
selected groups, respectively. With the exception of two correlations in 
the randomly selected group, STKLDG was negatively correlated with 
testcross YIELD in all instances; the correlations were significant in 8 
of 12 instances for the visually selected group, and 9 of 12 for the ran­
domly selected group. All correlations were small, however, with the 
largest r^ equal to 0.13. line RTLDG, DRPEARS, and RPULL had little 
relationship with testcross YIELD in any experiment for either selection 
type. Estimated genotypic correlations followed the pattern of the simple 
correlations but were larger. 
For each trait except STAND and DRPEARS, simple and genotypic cor­
relations were calculated among individual experiment measurements of the 
trait using individual experiment entry means. Correlations were calcu­
lated separately for the visually and randomly selected groups, but since 
they were similar from each group the discussion will consider both groups 
of correlations. The correlations for YIELD are presented in Table 43. 
Three categories of correlations are included; those between S^ exper­
iments, those between testcross experiments, and those between and 
Table 43. Simple and genotypic (in parentheses) correlations between individual experiment YIELD 
entry means for visually selected entries (above diagonal) and randomly selected entries 
(below diagonal)^ 
Sg experiments Testcross experiments 
Experiments 81041 81042 81043 82041 82042 82043 83041 
81041 0.77 (1.03) 
0.62 
(0.84) 
0.10 
(0.15) 
0.12 
(0.17) 
0.18 
(0.30) 
0.12 
(0.17) 
81042 0.77 (0.99) 
0.69 
(0.98) 
0.12 
(0.18) 
0.15 
(0.22) 
0.21 
(0.37) 
0.00 
(0,00) 
81043 0.61 (0.74) 
0.64 
(0.83) 
0.17 
(0.26) 
0.23 
(0.34) 
0.19 
(0.34) 
0.02 
(0.04) 
82041 0.01 (0.02) 
0.12 
(0.20) 
0.06 
(0.10) 
0.44 
(0.71) 
0.23 
(0.45) 
0.16 
(0.26) 
82042 0.02 (0.02) 
0.05 
(0.08) 
0.10 
(0.16) 
0.31 
(0.62) 
0.29 
(0.53) 
0.20 
(0.32) 
82043 0.17 (0.29) 
0.25 
(0.45) 
0.18 
(0.30) 
0.16 
(0.34) 
0.31 
(0.69) 
0.25 
(0.47) 
83041 0.06 (0.10) 
0.09 
(0.14) 
0.12 
(0.18) 
0.09 
(0.16) 
0.31 
(0.61) 
0.31 
(0.65) 
^Simple 
respectively. 
correlations > 0.14 and > 0. 18 are significant at the .05 and .01 probability levels, 
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testcross experiments. The correlations between experiments and be­
tween testcross experiments indicate consistency of performance of the 
progeny type across environments for the trait in question; for example, 
correlations between experiments for YIELD indicate how consistent 
YIELD of $2 lines was relative to one another in different environments. 
Correlations between and testcross performance reveal whether measure­
ment of one progeny type for a particular trait is a good indicator of 
that trait's performance in the other progeny type. Within a particular 
selection type (visually or randomly selected) are three possible corre­
lations between experiments, six between testcross experiments, and 
12 between and testcross experiments. 
For YIELD, correlations between and testcross YIELD in different 
experiments were shown at the top of Tables 41 and 42 and have already 
been discussed, but they also are included in Table 43 for completeness. 
Considering both selection types, correlations between YIELD in differ­
ent experiments ranged from 0.51 to 0.77 and averaged 0.68; those between 
testcross YIELD in different experiments ranged from 0.09 to 0.44 and 
averaged 0.26. The progenies thus were considerably more consistent 
in YIELD performance across environments than were the testcrosses, in 
agreement with the much smaller environment x additive interaction var­
iance observed for the lines compared to the testcrosses (Table 36). 
However, differences in the inherent consistency of performance of each 
progeny type in different environments is confounded with a year effect 
since and testcross progenies were evaluated in different years. 
Simple correlations between and testcross MOIST means from indi­
vidual experiments ranged from 0.33 to 0.50 in the visually selected 
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group and from 0.22 to 0.51 in the randomly selected group; the average 
correlation was 0.39 (Table 44). Between experiments, MOIST corre­
lations ranged from 0.48 to 0.56 and averaged 0.56, while correlations 
between testcross experiments ranged from 0.31 to 0.61 and averaged 0.47. 
Sg lines and testcrosses thus showed similar consistency across environ­
ments for MOIST; this is supported by the similarity of environment x 
additive variance estimates from the two progeny types for MOIST given 
in Table 35. In addition, S^ and testcross MOIST means from different 
environments correlated nearly as well with each other as did S^ MOIST 
means in different environments or testcross MOIST means in different 
environments. 
Correlations for STKLDG were greater between S^ experiments than 
between testcross experiments, with an average simple correlation of 
0.62 between the S^ experiments and 0.32 between testcross experiments 
(Table 45). This follows the pattern of larger environment x additive 
interaction variance observed in the testcross experiments (Table 35). 
An average correlation of 0.33 was obtained for STKLDG means between S^ 
and testcross experiments, with a range of r = 0.19 to r = 0.46. Thus, 
Sg line STKLDG means correlated as well with testcross STKLDG means in 
different environments as did testcross means in different environments 
with one another. S^ line RTLDG means from different experiments also 
were more highly correlated with one another than were testcross means 
(average r = 0.52 and 0.33, respectively)(Table 46) in agreement with 
larger estimates of environment x additive variance for testcross RTLDG 
(Table 36). As was the case for STKLDG, the average correlation for 
RTLDG means between S^ and testcross experiments (r = 0.29) was nearly 
Table 44. Simple and genotypic (in parentheses) correlations between individual experiment MOIST 
entry means for visually selected entries (above diagonal) and randomly selected entries 
(belOH diagonal)^ 
Sg experiments Testcross experiments 
Experiments 81041 81042 81043 82041 82042 82043 83041 
81041 0. 50 0. 65 0. 45 0. 47 0. 50 0. 38 (0. 87) (0. 81) (0. 65) (0. 66) (0. 86) (0. 56) 
81042 0. 49 0. 48 0, 24 0. 33 0. 35 0, 33 (0. 99) (0. 84) (0. 48) (0. 65) (0. 85) (0. 69) 
81043 0. 66 0. 55 0. 37 0. 48 0. 49 0. 37 (0. 95) (1. 10) (0. ,53) (0. 67) (0. 84) (0. 56) 
82041 0. 44 0. 27 0. ,43 0. 47 0. 31 0. 56 (0. 69) (0. 57) (0. ,65) (0. 76) (0. 62) (0. 97) 
82042 0. ,48 0. ,43 0. ,51 0. 57 0. ,50 0. .44 (0. 68) (0. ,84) (0. 71) (0, .86) (0. 98) (0, .75) 
82043 0. ,38 0. 29 0, .46 0, .41 0. ,61 0, .33 (0. ,62) (0. 66) (0, .73) (0, .72) (0. 97) (0 .68) 
83041 0. 38 0, .22 0, .39 0 .50 0. .52 0. 43 (0. 65) (0, .54) (0, .66) (0 .92) (0, .88) (0, .83) 
^Simple correlations > 0.14 and > 0.18 are significant at the .05 and .01 probability levels, 
respectively. 
Table 45. Simple and genotypic (in parentheses) correlations between individual experiment STKIDG 
entry means for visually selected entries (above diagonal) and randomly selected entries 
(below diagonal)^ 
Sg experiments Testcross experiments 
Experiments 81041 81042 81043 82041 82042 82043 83041 
81041 0.65 (0.80) 
0.57 
(0.70) 
0.22 
(0.41) 
0.24 
(0.37) 
0.23 
(0.33) 
0.33 
(0.47) 
81042 0.58 (0.85) 
0.68 
(0.83) 
0.29 
(0.54) 
0.38 
(0.59) 
0.37 
(0.51) 
0.36 
(0.51) 
81043 0.51 (0.64) 
0.63 
(0.84) 
0.20 
(0.38) 
0.36 
(0.56) 
0.30 
(0.41) 
0.33 
(0.47) 
82041 0.19 (0.41) 
0.24 
(0.54) 
0.21 
(0.46) 
0.31 
(0.75) 
0.19 
(0.40) 
0,34 
(0.74) 
82042 0.30 (0.51) 
0.42 
(0.75) 
0.46 
(0.84) 
0.30 
(0.91 ) 
0.36 
(0.64) 
0.43 
(0.78) 
82043 0.23 (0.32) 
0.41 
(0.60) 
0,42 
(0.62) 
0.18 
(0.45) 
0.42 
(0.84) 
0.27 
(0.44) 
83041 0.28 (0.47) 
0.39 
(0.71) 
0.38 
(0.69) 
0.24 
(0.74) 
0.41 
(1.02) 
0.40 
(0.82) 
^Simple correlations > 0.14 and > 0.18 are significant at the .05 and .01 probability levels, 
respectively. 
Table 46. Simple and genotypic (in parentheses) correlations between individual experiment RTLDG 
entry means for visually selected entries (above diagonal) and randomly selected entries 
(below diagonal)^ 
Sg experiments Testcross experiments 
Experiments 81041 81042 81043 82041 82042 82043 83041 
81041 0.75 (0.98) 
0.49 
(0.66) 
0.29 
(0.69) 
0.44 
(0.60) 
0.30 
(0.46) 
0.36 
(0.55) 
81042 0.45 (0.59) 
0.69 
(0.99) 
0.25 
(0.63) 
0.43 
(0.62) 
0.32 
(0.54) 
0.35 
(0.57) 
81043 0.35 (0.49) 
0.38 
(0.54) 
0.31 
(0.79) 
0.51 
(0.74) 
0.34 
(0.57) 
0.29 
(0.48) 
82041 0.17 (0.35) 
0.23 
(0.48) 
0.17 
(0.38) 
0.37 
(0.94) 
0.09 
(0.27) 
0.25 
(0.74) 
82042 0.13 (0.21) 
0.29 
(0.46) 
0.20 
(0.34) 
0.27 
(0.70) 
0.40 
(0.68) 
0.40 
(0.67) 
82043 0.09 (0.13) 
0.19 
(0.29) 
0.33 
(0.55) 
0.24 
(0.58) 
0.29 
(0.55) 
0.27 
(0.51) 
83041 0.22 (0.33) 
0.24 
(0.36) 
0.39 
(0.63) 
0.29 
(0.70) 
0.29 
(0.54) 
0.34 
(0.62) 
^Simple correlations 
respectively. 
> 0.14 and > 0. 18 are significant at the .05 and .01 probability levels, 
159 
as large as the correlation between testcross means from different ex­
periments. Thus, for STKLDG and RTLDG, as for YIELD, both simple and 
genotypic correlations of entry means were larger between experiments 
than between testcross experiments, indicating that lines gave a more 
consistent evaluation of performance of those traits in different envi­
ronments than did testcrosses. In addition, and testcross performance 
in different experiments correlated as well for MOIST, STKLDG, and RTLDG 
as did testcross performance in different experiments. Correlations 
involving STKLDG and RTLDG are subject to the same problems as those 
discussed for Figures 5 to 8, however; low expression of the traits may 
be causing a disproportionate contribution to the correlations from the 
low end of the distributions. 
A comparison of correlations of RPULL means between S^ experiments 
and between testcross experiments was not possible because S^ RPULL was 
evaluated in only one environment. Correlations of testcross RPULL means 
between the two testcross RPULL experiments were 0.32 and 0.28 for the 
visually and randomly selected groups, respectively. S^ and testcross 
RPULL correlations between experiments were also small and averaged 0.23. 
Selection based on S^ and testcross performance 
Figures 1 to 10 illustrated the relationship between and testcross 
entry means averaged over all environments, and showed the number of en­
tries identified as being either above or below the mean of both progeny 
types in the upper right hand and lower left hand quadrants of each graph, 
respectively. The breeder, however, usually is less interested in all 
entries with performance above the mean than with a certain proportion of 
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the population showing superiority for a trait or traits. The means of 
the 50 superior entries for YIELD, MOIST, STKLDG, RTLDG, and RPULL are 
presented in Table 47. Selections of superior entries were made two ways: 
on the basis of S^ entry mean performance, and on the basis of testcross 
entry mean performance. Selections were made without regard to selection 
type since all previous analysis had shown little difference between the 
visually and randomly selected groups. After the superior entries had 
been selected, it was possible to examine their performance in both prog­
eny types; for example, after selection of the superior 50 lines for 
YIELD, performance of those S^ lines as testcrosses was determined. In 
the same manner, after selection of 50 superior testcrosses, the per­
formance of those same entries as S^ lines was determined. It was thus 
possible to examine the effect that selection based on one progeny type 
had on performance of the other progeny type. There is, however, a 
confounding effect of years, since the S^ lines and testcrosses were 
evaluated in different years, and thus selections based on S^ line per­
formance and testcross performance were not made under the same environ­
mental conditions. This confounding effect of years does not negate the 
value of examining progeny performance in this way, however, because 
genotypes selected in one year must be superior in years following if 
breeding progress is to be made. 
The means and selection differentials of the 50 S^ lines selected 
based on S^ and testcross progeny performance are shown in the third and 
fourth columns of Table 47. For every trait, entries with superior mean 
S^ performance were selected on the basis of S^ performance rather than 
testcross performance. The largest differences were for YIELD and RPULL, 
Table 47. Means of 50 superior entries from single-trait selection, and corresponding selection 
differentials, of lines and testcrosses selected on basis of performance or 
testcross performance^ 
Progeny type 
Sg lines Testcrosses 
Trait 
selected 
Selection 
method Mean 
Selection^ 
differential Mean 
Selection^ 
differential 
YIELD (q/ha) ^2 47.91 17.66 83.71 2.69 
testcross ,34.43 4.17 91.26 10.24 
MOIST (%) ^2 20.74 -3.90 21.60 -1.44 
testcross 22.39 -2.25 20.68 -2.36 
STKLDG (%) ^2 1.98 -14.69 13.70 -6.05 
testcross 7.88 -8.79 9.37 -10.38 
RTLDG (%) ^2 0.00 -2.32 4.44 -1.95 
testcross 0.69 -1.63 0.91 -5.48 
RPULL (kg) ^2 157.42 38.89 165.78 7.38 
testcross 130.82 12.29 185.47 27.07 
Underlined figure is the mean of selected entries as progeny type on which selection was based, 
and paired figure in each column is the mean of selected entries as the same progeny type but se­
lected by the alternative selection method. 
Mean of selections minus mean of all lines. 
''Mean of selections minus mean of all testcrosses. 
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where selection based on performance selected lines with mean YIELD 
and RPULL 13.48 q/ha and 26.6 kg greater, respectively, than the mean of 
Sg lines selected on testcross performance. However, selection based on 
testcross performance resulted in improvement of all traits in the 
desired direction, as the selection differentials indicate. Single-trait 
selection based on testcross performance selected lines with mean per­
formance superior to the overall mean of the lines, but the entries 
selected for testcross performance were inferior in performance to 
those selected based on performance. The selection differentials from 
selection based on testcross performance for YIELD, MOIST, STKLDG, RTLDG, 
and RPULL were 24, 58, 60, 70, and 32%, respectively, of those based on 
Sg performance. 
The means of the 50 testcrosses selected based on testcross and S^ 
progeny performance are given in the last two columns of Table 47. Mean 
performance of selected testcrosses was greater when selected on testcross 
performance than on S^ performance for all traits. Largest differences 
again were in YIELD and RPULL; testcross selection selected entries with 
average YIELD and RPULL 7.55 q/ha and 19.69 kg greater, respectively, 
than that of entries selected based on S^ performance. For each trait, 
selection on the basis of performance did select testcrosses with mean 
performance superior to the mean of all testcrosses, but improvement was 
less than that from selection based on testcross performance. Selection 
differentials based on S^ performance for YIELD, MOIST, STKLDG, RTLDG, 
and RPULL were 26, 61, 58, 36, and 27%, respectively, of those based on 
testcross performance. 
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The 50 entries selected on the basis of single-trait performance 
of each progeny type are listed in Tables A12 to A15 for YIELD, MOIST, 
STKLDG, and RPULL, respectively. For the superior 50 entries selected 
on the basis of one progeny type, the ranking of those entries in the 
other progeny type is given. Because so many entries exhibited no RTLDG, 
rankings for this trait could not be made. Entry rankings between progeny 
types were very different; for example, the greatest-yielding line 
ranked 205th in testcross YIELD, and the greatest-yielding testcross 
ranked 345th in YIELD (Table A12). Of the 50 superior selections, 
14, 21, 16, and 11 entries were chosen in common on the basis of and 
testcross performance for YIELD, MOIST, STKLDG, and RPULL, respectively. 
The low relationship of ranking for entries in the two progeny types re­
flects the correlations illustrated in Figures 1 to 10. 
Results of single-trait selection are often of less interest to the 
breeder than those of multiple-trait selection. Table 48 gives the means 
and selection differentials of 50 superior S^ lines and testcrosses se­
lected on the basis of six selection indices. In addition, each selection 
differential was expressed as a percentage of the appropriate single-trait 
selection differential presented in Table 47. For S^ YIELD, the Smith-
Hazel (SH) Sg index was 90.9% as efficient as direct selection for S^ 
YIELD alone, and the SH S^-testcross (S^-TC) index was also efficient, 
giving a selection differential 82.0% as large as that from selection 
for Sg YIELD alone. The rank summation indices (RSI) based on S^ and 
Sg-TC performance resulted in selection differentials only 42.3 and 21.3%, 
respectively, as large as that from selection for S^ YIELD alone. Both 
indices based on testcross (TO performance gave little gain in S^ YIELD. 
Table 48. Means of 50 superior entries, and corresponding selection differentials (S.D.), of 
lines and testcrosses selected on basis of six selection indices 
Sg lines Testcrosses (TC) 
% % 
Selection single-trait single-trait 
Trait index^ Mean S.D. S.D. Mean S.D.^ TC S.D. 
YIELD (q/ha) SHtSg) 
sh(tc) 
shcs^-tc) 
RSItSg) 
rsktc) 
rsitsg-tc) 
MOIST (%) SHIS^) 
sh(tc) 
shtsg-tc) 
RSItSg) 
rsktc) 
rsks^-tc) 
stkldg (%) shtsg) 
sh(tc) 
SHtSg-TC) 
RSItSg) 
rsktc) 
rsks^-tc) 
46.31 16.05 90.9 
31.83 1.57 8.9 
44.75 14.49 82.0 
37.73 7.47 42.3 
31.91 1.65 9.3 
34.02 3.76 21.3 
25.47 0.83 -21.3 
25.13 0.49 -12.6 
25.42 0.78 -20.0 
23.78 -0.86 22.1 
23.77 -0.87 22.3 
23.62 -1.02 26.2 
10.16 -6.51 44.3 
9.53 -7.14 48.6 
8.80 
-7.87 33.6 
8.56 -8.11 55.2 
12.57 -4.10 27.9 
8.88 
-7.79 53.0 
84.16 3.14 30.8 
89.53 8.51 83.1 
86.62 5.60 54.7 
82.59 1.57 15.3 
85.91 4.89 47.8 
84.67 3.65 35.6 
23.32 0.28 -11.9 
23.57 0.53 -22.5 
23.41 0.37 -15.7 
22.71 -0.33 13.9 
22.55 -0.49 20.8 
22.49 -0.55 23.3 
17.45 -2.30 22.2 
14.07 -5.68 54.7 
14.89 -4.86 46.8 
16.09 -3.66 35.3 
14.94 -4.81 46.3 
13.31 -6.44 62.0 
RTLDG (%) 
RPULL (kg) 
sh(sg) 1 . 43 -0. ,89 38. 4 6. 11 -0. 28 5. 1 
sh(tc) 0. .54 — 1 < ,78 76. .7 3. .34 -3. 05 55. 7 
shtsg-tc) 1 . ,48 -0. ,84 36, ,2 5. .57 -0. .82 15. ,0 
rsitsg) 0. ,12 -2. ,20 94. ,8 4. ,06 -2. .33 42. ,5 
rsi (to 0. ,78 -1. ,54 66. ,4 2. ,59 -3. ,80 69. ,3 
rsksg-tc) 0, .25 -2, .07 89. 2 2. .96 -3. ,43 62. ,6 
shtsg) 137. .52 18, .99 48, .8 160, .79 2. 39 8, .8 
sh(tc) 126, .58 8, .05 20, .7 169, .19 10, .79 39. 9 
shtsg-tc) 138, .53 20, .00 51, .4 164, .34 5. .94 21, .9 
rsitsg) 139, .64 21 .11 54 .3 164 .12 5. 72 21, .1 
rsktc) 125 .51 6 .98 17 .9 174 .83 16 .43 60, .7 
rsks^-tc) 135 .70 17 .17 44 .2 170 .69 12 .29 45 .4 
SH(TC), and SHIS^-TC) are Smith-Hazel selection indices based on performance, 
testcross performance, and both and testcross performance, respectively. RSIfSg), RSI(TC), 
and RSKS^-TC) are rank summation indices based on performance in the same manner. 
^Mean of selections minus mean of all lines. 
^Mean of selections minus mean of all testcrosses. 
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Selection differentials for testcross YIELD were largest based on the 
SH(TC) index, which gave a selection differential 83.1% of that from di­
rect selection for testcross YIELD, followed by the SHfSg-TC) and RSI(TC) 
indices. The SHfSg), RSKSg-TC), and RSIfSg) indices were not as effi­
cient as the others in selecting testcrosses with superior YIELD. 
For all traits other than YIELD, one of the RSI indices was most 
efficient relative to the single-trait selection differentials. Differ­
ences in the efficiency of most of the indices for traits other than YIELD 
were often small. However, for both the S^ and testcross progenies, all 
SH indices resulted in increased rather than decreased MOIST, due to the 
undesirable correlation of MOIST with YIELD, RPULL, and STKLDG. The 
RSKS^-TC) index was most effective in selecting for lower MOIST among 
both the Sg and TC progenies, giving selection differentials 26.2 and 
23.3% as large, respectively, as those from direct selection for reduced 
MOIST alone. The RSKS^) index most efficiently selected S^ lines with 
reduced STKLDG and RTLDG and greater RPULL; conversely, the RSI(TC) index 
best selected testcrosses with reduced RTLDG and increased RPULL. Se­
lection among testcrosses for reduced STKLDG was most efficiently done 
by the RSKS^-TC) index. 
If comparisons of indices are made within the SH or RSI index groups, 
it is evident that greatest gains in S^ trait were generally made by use 
of an Sg index, and greatest gains in testcross traits were made by use 
of a TC index. The S^-TC index usually resulted in selection differen­
tials intermediate to those from the S^ and TC indices. For example, 
use of the RSKS^), RSIfSg-TC), and RSKTC) indices resulted in selection 
differentials for YIELD of 7.47, 3.76, and 1.65 q/ha, respectively. 
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and for testcross YIELD of 1.57, 3.65, and 4.89 q/ha. Thus, the RSKS^) 
index was the most efficient of the RSI indices in selection for YIELD, 
and the RSI (TO index was superior for testcross YIELD, with the RSKS^-
TC) index intermediate in both instances. Although there were several 
exceptions to this pattern, the results from index selection support those 
seen in single-trait selection: gain in a given progeny type was largest 
when selection was based on that progeny type, although gain was made in 
the other progeny type to a lesser extent. Basing selection on both S^ 
and testcross performance generally resulted in compromising maximum gain 
in each progeny type, resulting in intermediate gains in both. In some 
instances, however, the S^-TC index was superior to the other indices, 
as with the RSKS^-TC) index for MOIST in both progeny types, and the 
SHfSg-TC) index for Sg STKLDG and RPULL. 
The 50 entries selected by use of the SHfSg), SH(TC), and SHtS^-TC) 
indices are listed in Tables A6 to A8, respectively, and the 50 entries 
selected by use of the RSKS^), RSI (TO, and RSKS^-TC) indices are shown 
in Tables A9 to All, respectively. In each table, the ranks of selected 
entries in the other two indices are also shown. Entries selected by 
the SH(S2) and ^^(Sg-TC) indices were similar (Tables A6 and AS); the 
SH^Sg-TC) index selected more entries in common with the ^^(Sg) index 
(38 of 50) than the SH(TC) index (19 of 50) because the larger genetic 
variances of the S^ traits weighted them more heavily in the SHfSg-TC) 
index. The SHfSg) and SH(TC) indices, however, selected only 12 of 50 
entries in common (Tables A5 and A7). Of the top 10 entries chosen in 
the Sg index, only three were in the top 50 testcrosses, and none was 
in the top 10 testcrosses. Of the superior 10 entries in the testcross 
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index, only one ranked in the top 50 lines, and none was in the top 
10 Sg lines. Results of the RSI indices were similar to those of the SH 
indices; the RSKS^) and RSI(TC) indices selected only 13 of 50 entries 
in common (Tables A9 and A10). The RSKS^-TC) index, however, chose 30 
and 31 of 50 entries in common with the RSKS^) and RSI(TC) indices, re­
spectively, showing that data from each progeny type received similar 
weighting in the (S^-TC) index. The rankings of the entries selected in 
each index reveal that the chances of finding an entry with superior per­
formance for several traits as both an line and a testcross are small. 
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DISCUSSION 
Usefulness of Visual Selection Among and 
Within S^ Lines in Recurrent Selection 
Visual selection techniques can be incorporated into either inbred or 
testcross intrapopulation recurrent selection schemes. Use of S^ progeny 
recurrent selection or testcross recurrent selection using testcrosses of 
S^ plants allows for visual selection among S^ plants and among and within 
S^ lines. For both methods, visual selection is for resistance to pests 
and diseases and for phenotypes with desirable morphological or agronomic 
characters (Penny and Eberhart, 1971; Hallauer and Miranda, 1981). The 
primary purpose of such visual selection is to avoid using expensive yield 
trial resources to test undesirable genotypes. Presumably, the genotypes 
selected for yield testing are superior in some way to a random sample of 
genotypes from the population. One of the objectives of this study was 
to determine if visual selection among and within S^ lines resulted in 
improved performance of yield and agronomic traits of lines and S^ 
plant testcrosses, relative to a random sample of genotypes. 
A trend for superiority of the mean of the visually selected S^ lines 
over the randomly selected S^ lines was observed for YIELD, STKLDG, and 
STAND, although differences between selection type means in the combined 
analyses were significant only for YIELD and STAND (Table 10). The average 
superiority for YIELD of the visually selected S^ lines over the randomly 
selected S^ lines was surprising, given that visual evaluation of yield 
potential has usually been found to be unsuccessful due to the small her-
itability of grain yield on an unreplicated plot basis. The only direct 
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selection for YIELD among and within the lines in developing the visu­
ally selected lines was based on ear size and kernel set; also, some 
selection for YIELD was done when selecting the random lines due to the 
restriction that each ear saved have approximately 350 kernels to provide 
an adequate supply of seed for the yield trials. Nevertheless, visual 
selection for ear size and kernel set had a slight but positive effect on 
mean YIELD of the progenies in all environments (Table 10). Had some 
selection for these traits not been done during the development of the 
randomly selected lines, it is possible that even greater success in 
visual selection for YIELD might have been observed. 
The trend for the visually selected lines to have slightly, but 
not significantly, greater mean MOIST in all environments (Table 10) 
indicates that the visual selection practiced tended to choose lines and 
plants with slightly later maturity, although some effort was made to 
avoid this. Other investigators have also found that visual selection 
usually results in selection of later-maturing genotypes (McKenzie and 
Lambert, 1951; Wilcox and Schapaugh, 1980; Mass, 1983). Selection for 
later maturity in maize is probably due to yield and resistance to stalk 
rot being positively correlated with later maturity. A maize breeder 
visually selecting lines and plants with large ears and healthy stalks 
may also be compromising somewhat on selection for early maturity. 
Although mean STKLDG of visually selected lines was less than that 
of the randomly selected lines in every environment, the difference be­
tween the means of the two selection types was never significant. The 
trend of the selection type means indicated slight success in visual 
selection against STKLDG susceptibility, but the lack of greater success 
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was disappointing. All pollinated plants were artificially inoculated 
in the second elongated internode with a spore suspension containing major 
stalk-rotting organisms, and visual evaluation was accomplished by slicing 
open stalks at harvest and examining the spread of infection from the point 
of inoculation. Only plants with very little or no obvious infection were 
selected. Because the randomly selected lines were developed without in­
spection of stalks, selection pressure for improved stalk-rot resistance, 
and consequently stalk lodging resistance, would be expected to be much 
greater for the visually selected lines than the randomly selected ones. 
Evidently, some of the plants selected as disease-free were escapes. 
Visual evaluation of stalk-rot resistance did have a slight and desirable 
impact on stalk lodging resistance, however, and the superiority of the 
visually selected group over the randomly selected group was greater in 
environments with greater mean STKLDG (Table 10). 
Lack of success of visual selection for RTLDG was less surprising 
than for STKLDG. Selection for RTLDG was based primarily on natural root 
lodging that occurred in the breeding nursery. Although selection among 
unreplicated lines for root lodging resistance can be successful, this 
trait is more difficult to evaluate than stalk lodging, for which stalk-
rot inoculation can serve as a selection aid. Expression of root lodging 
in the breeding nursery is often sporadic and may reflect environmental 
influences rather than genotypic differences. This fact, along with low 
expression of RTLDG in the breeding nursery when selections were made, 
probably accounts for the lack of success of visual selection for RTLDG. 
Lack of improvement of RPULL of the visually selected entries also was 
not surprising, since this trait was not evaluated visually, and any 
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progress would have been expected primarily as a correlated response to 
reduced RTLDG. 
No effect of visual selection was evident for DRPEARS, but no direct 
selection was conducted for this trait, which is largely a function of 
second-brood European corn borer damage to ear shanks. Both the visually 
and randomly selected lines were taken from pollinations made in 
lines already selected for first-brood corn borer resistance; different 
sets of genes, however, condition resistance to first- and second-brood 
corn borer (Russell et al., 1978). A difference for mean DRPEARS between 
the visually and randomly selected groups would have been expected primar­
ily as a correlated response to selection for other traits, which would be 
unlikely considering the small correlations between DRPEARS and the other 
traits (Table 21). 
Mean STAND of the visually selected lines was significantly greater 
than that of the randomly selected lines in two of three environments 
(Table 10). The most plausible explanation for this is that visual selec­
tion for large, well-filled ears and desirable plants resulted in selection 
pressure for disease-free seed from healthy maternal genotypes. The dif­
ference between mean STAND values of the two selection types was too small 
to be of practical importance, however. 
Visual selection among and within S^ lines had little.effect on test-
cross performance for most traits. The slight advantage for YIELD of the 
visually selected S^ lines per se was not reflected in the testcross selec­
tion type YIELD means (Table 24). The single-cross tester used may have 
masked YIELD differences between selection types that were more readily 
apparent in the lines themselves. The trends observed in the Sg lines 
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for slightly greater mean MOIST and reduced mean STKLDG of the visually 
selected entries in all environments was also seen in the testcrosses, 
however (Table 24). The difference in MOIST between testcross selection 
type means, while not significant in any environment, again indicates that 
the visual selection practiced chose genotypes with slightly later matu­
rity. The testcross results for STKLDG were encouraging; at Ames in 1983, 
STKLDG of the visually selected group was 5.98% less than that of the ran­
domly selected group (Table 24). Although in the other environments the 
difference between selection type STKLDG means was not significant, the 
reduced STKLDG of the visually selected group in all environments shows 
that the same trend in the S^ lines was real, and that visual selection 
among and within S^ lines did result in slight but desirable reductions 
in STKLDG of the S^ lines and testcrosses. 
The lack of consistent differences between testcross selection type 
means for RTLDG, RPULL, and DRPEARS was expected because no effects of 
visual selection had been apparent for these traits in the S^ lines, and 
the tester might be expected to at least partially mask any small but real 
differences between selection type means. The greater STAND mean of the 
randomly selected testcrosses in all environments was unexpected and was 
the reverse of the S^ line results; the reason for this is unknown. 
Although visual selection resulted in slight improvement of S^ YIELD 
and Sg and testcross STKLDG means, many of the S^ and testcross entries 
superior for these traits were randomly selected. Of the superior 50 S^ 
lines for YIELD, 22 were random selections. Similarly, 22 of the 50 test-
crosses with superior YIELD were testcrosses of randomly selected lines, 
and the three greatest-yielding testcrosses were crosses of randomly 
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selected lines (Table A12). Randomly selected entries accounted for 
approximately half of the 50 superior entries for STKLDG of both lines 
and testcrosses, and 33 and 30 of 50 entries with superior MOIST were 
randomly selected lines, or testcrosses of randomly selected lines, 
respectively (Tables A13 and A14). Randomly selected entries were also 
common in the 50 superior entries chosen by the selection indices, ranging 
from 21 in the Smith-Hazel S^ index to 28 in the rank summation testcross 
index (Tables A6-A11). The fact that so many randomly selected entries 
were present in the superior 50 S^ or testcross selections, whether se­
lected for single-trait or index superiority, shows that many desirable 
and productive genotypes were not chosen by visual selection. 
Visual selection among and within S^ lines had few consistent effects 
on Sg line or testcross estimates of genetic variance and environment x 
genotype variance components, heritabilities, or correlations among traits. 
While occasional differences between selection types were observed for 
estimates of some parameters, they did not consistently favor either se­
lection type. The limited visual selection practiced evidently did not 
alter gene frequency enough to change the estimates of population genetic 
parameters relative to a random sample. Use of visual selection in S^ or 
testcross recurrent selection would have little effect upon genetic vari­
ance among the resulting progenies. 
Because variance component estimates from the two selection types 
were similar, predicted genetic gains from single-trait or index selection 
were also similar for the two selection types. The same was true for the 
testcross selection types. Although some differences between selection 
types were observed in predicted gains and correlated responses, they did 
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not consistently favor either selection type. Differences between selec­
tion types in predicted gains were small; because the variance components 
used to calculate gain have large standard errors, these differences in 
predicted gains may be merely a reflection of the precision of the vari­
ance estimates. Visual selection among and within lines seems to have 
little effect upon the genetic gain to be expected from selection among 
the resulting progenies, relative to gain expected from selection among 
a group of randomly selected progenies. 
In this study, visual selection was quite limited; selection was done 
only among and within the lines. This is selection as commonly prac­
ticed in recurrent selection or testcross recurrent selection using 
testcrosses of plants, but is less extensive than that used in pedigree 
breeding systems. Therefore, conclusions about the effectiveness of visual 
selection in this study cannot easily be extended to the pedigree method, 
where visual selection is conducted in several selfing generations. Great­
est gains from visual selection within families, however, would be expected 
in the generation, where genetic variance, assuming only additive ef­
fects, is half as large as that among families. Genetic variance within 
families decreases rapidly as inbreeding proceeds; by the generation it 
is only one-sixth as large as the genetic variance among families, again 
assuming only additive effects. Any further gains from visual selection 
using a pedigree system compared to visual selection as conducted in this 
study would come primarily from selection among, and not within, families. 
We visually evaluated "1,636 lines, each containing 25 plants, in 
this study. Because one plant in each of 200 lines was selected, 
selection intensity among and within lines was approximately 12.5% and 
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4.0%, respectively. The effectiveness of the visual selection technique 
thus was not limited by inadequate numbers of lines or plants to select; 
these selection intensities were stringent enough to provide for progress 
had desirable genotypes been correctly identified. The visual selections 
were made in less than ideal nursery environmental conditions, as all 
months from April through September 1980 were above average in temperature, 
and all but August were below average in rainfall (Hallauer et al., 1980). 
Most pollinations were successful with good seed set, however, and stalk 
and root lodging variability was present to allow selection opportunities. 
The limited success in improving YIELD and agronomic traits such as STKLDG 
and RTLDG by visual selection seems most likely due to the inability of 
the selectors to accurately identify desirable genotypes; this in turn was 
due to the small heritability of these traits on a single-plant and unrep-
licated progeny row basis. 
The results of this study are in agreement with those conducted in 
self-pollinating species that suggested visual selection was best suited 
for discarding obviously undesirable genotypes rather than for selecting 
desirable ones (Frey, 1962; Hanson et al., 1952; Atkins, 1964). Many 
traits for which visual selection among and within lines of maize can 
effectively be used were not examined in this study; they include first-
brood European corn borer resistance, resistance to diseases such as leaf 
blight, smut [Ustilago maydis (DC) Cda.], ear rots (Gibberella zea, 
Diplodia maydis, Fusarium moniliforme), common rust (Puccinia sorghi), 
and obvious morphological defects, such as excessive height, dwarfness, 
or tasselseed. Visual selection is known to be an effective means of 
discarding these undesirable genotypes before yield testing. Results of 
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selection for YIELD and STKLDG also indicate that it is worthwhile for the 
breeder to inoculate stalks and select plants with large well-filled ears 
and disease-free stalks. While progress from selection for these traits 
was slight and in most instances not significant, the cumulative progress 
realized after several cycles of recurrent selection could be important. 
Care should be taken, however, to avoid selection of late-maturing geno­
types which will result in an undesirable increase in MOIST. Beyond dis­
carding undesirable genotypes and applying selection pressure for stalk-rot 
resistance and seed set, the breeder's best option is to test in replicated 
trials as many of the remaining progenies as resources will allow. Dis­
carding many S^ lines on the basis of visual evaluation alone will result 
in the loss of many superior inbreds and hybrids. Obviously, the breeder 
cannot hope to identify every superior genotype, but visual selection 
pressure and testing of as many entries as possible will improve the 
chances of finding superior genotypes. Had only the 200 visually selected 
entries in this study been yield-tested, approximately half of the supe­
rior 50 Sg or testcross entries would not have been retained. Heritability 
of yield and agronomic traits with quantitative inheritance, on a single-
plant or unreplicated S^ line basis, does not seem great enough to allow 
the breeder to accurately and confidently identify superior entries 
visually. 
Estimates of Quantitative Genetic Parameters 
A second objective of this study was to estimate quantitative genetic 
parameters in Lancaster Composite. Estimates from the randomly selected 
entries were considered valid, although estimates from the visually and 
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randomly selected groups of entries usually did not differ. With the 
exception of DRPEARS, highly significant genetic variability was present 
for all traits, and progress from selection should be readily accomplished. 
Heritabilities and phenotypic and genotypic correlations were similar to 
those usually observed in maize populations. 
Estimates of additive and environment x additive genetic variance for 
YIELD from the randomly selected lines and testcrosses of Lancaster 
Composite are presented in Table 49 with estimates from Hallauer and 
Miranda (1981) for a number of other genetically broad base maize popu­
lations undergoing recurrent selection at Iowa State University. The 
Lancaster Composite YIELD estimates from Table 36 were converted from q/ha 
to grams per plant, using an average plant density of 39,042 plants/ha, to 
make them comparable to the estimates from Hallauer and Miranda (1981). 
Estimates of additive genetic variance, heritabilities, and genetic coef­
ficients of variability from Lancaster Composite were very similar to 
those observed in the other populations, although the Lancaster estimates 
were obtained from much less testing. Environment x additive variance 
estimates from Lancaster Composite lines and testcrosses were smaller 
and greater, respectively, than any of those obtained from the other 
populations. The estimates for the other populations are averages ob­
tained from extensive testing over several cycles of selection, while 
the Lancaster estimates are from only three and four environments for 
the Sg lines and testcrosses, respectively. The Lancaster Composite esti­
mates, however, are in agreement with data cited by Hallauer and Miranda 
(1981) which indicate that environment x additive interaction variance 
tends to be smaller in selfed progeny than in testcross selection studies. 
/\2 /\2 Table 49. Estimated additive (cr ) and environment x additive (o^ ) variance components, heritabil-
•^ 2 ities (h ), and genetic coefficients of variability (GCV) for grain yield (g/plant) of 
populations undergoing recurrent selection at Iowa State University 
Population Selection 
cycles % h^, % GCV, % 
BS13 9 217.5+ 60.4 183.2± 62.6 40.2 8.3 
BSSS(R) 9 386.3+100.0 209.9+107.6 50.5 5.2 
BSCB1(R) 9 373.8+101.5 223.0+118.1 54.8 5.7 
BS12(HI) 8 454.2+130.3 385.7+167.9 54.9 6.2 
BSK(HI) 8 250.9+ 84.3 223.0+112.8 48.8 5.0 
BSK(S) 8 241.2± 43.0 104.4+ 24.5 81.2 17.6 
BS15(S) 2 553.7±112.8 250.6+ 35.4 79.0 35.7 
BSTL(S) 3 423.11105.3 104.3± 32.2 81.1 28.5 
BS2(S) 3 411.6+100.4 85.0+ 28.8 81.8 37.8 
BS10 X BS11(FR) 5 443.5+ 83.2 170.3+ 83.2 60.8 9.8 
Lancaster Composite (TO 0 427.6± 80.1 493.4+ 84.5 56.0 6.1 
Lancaster Composite (Sg) 0 365.9± 43.5 70.9+ 12.8 87.0 31.1 
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Estimates of additive genetic variance for RPULL were 232.93 ± 35.81 
and 326.16 ± 78.08 from the randomly selected lines and testcrosses, 
respectively (Table 36). These estimates were not significantly different 
due to their large standard errors, but the line estimate was biased by 
environment x additive variance interaction because RPULL was measured 
in only one environment. The testcross estimate compares very favorably 
with the average estimate of 335.2 ± 59.9 for postflower root-pull resist­
ance reported by Kevern and Hallauer (1983) for unselected lines from 
BSSSCO, BSSS(R)C8, BSCB1C0, and BSCB1(R)C8. These estimates are larger 
than those reported by Rogers et al. (1976) for postflower root-pull 
resistance of lines from BS1 and BSSS. Heritability estimates for 
RPULL in this study (0.69 and 0.48 for randomly selected lines and 
testcrosses, respectively) were smaller than those reported by Kevern and 
Hallauer (1983) but were similar to those obtained by Rogers et al. (1976). 
Small correlations between RPULL and YIELD also agreed with work of 
other investigators. Phenotypic correlations of RPULL with YIELD were 
0.12 and 0.15 for the randomly selected lines and testcrosses, respec­
tively; corresponding genotypic correlations were 0.28 and 0.54 (Tables 20 
and 33). Kevern and Hallauer (1983) found no correlation between post-
flower vertical root-pull resistance and yield of lines averaged over 
four selection populations, and Peters et al. (1982).also noted small 
correlations between these traits of hybrids at both low and high plant 
densities. These correlations indicate that it should be possible to se­
lect for increased vertical root-pull resistance without reductions in 
grain yield; the present study suggests that a slight positive correlated 
response in YIELD might be expected (Tables 21 and 34). 
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Phenotypic correlations of RPULL and RTLDG from the randomly selected 
Sg lines and testcrosses were -0.15 and -0.20, respectively, while corre­
sponding genotypic correlations were -0.37 and -0. 47 (Tables 20 and 33). 
These are similar to phenotypic and genotypic correlations of -0.28 and 
-0.35, respectively, reported by Kevern and Hallauer (1983) as an average 
over four populations. Averaged over both the randomly selected lines 
and testcrosses, the reduction in RTLDG expected from direct selection for 
increased RPULL was 65.4% of that expected from direct selection for de­
creased RTLDG. Rogers et al. (1976) and Kevern and Hallauer (1983) reported 
comparable figures of 50.6 and 25.9%, respectively. Data from this study 
corroborate other work showing that selection for increased vertical root-
pull resistance will result in a correlated decrease in root lodging, but 
to a lesser extent than from direct selection for reduced root lodging. 
For most traits, estimates of additive genetic variance, phenotypic 
and genotypic correlations among traits, and gains and correlated response 
to selection were similar whether calculated from the lines or from the 
testcrosses. It seems that randomly selected lines, or their testcrosses, 
will give reasonable estimates of these' population parameters. The 
lines and testcrosses did, however, give quite different estimates of 
environment x additive interaction variance, with the testcrosses showing 
larger interactions, especially for YIELD and STKLDG (Table 36). Corre­
lations of entry means for these two traits between individual experiments 
were greater for the lines than the testcrosses (Tables 43 and 45), 
indicating that lines performed more consistently than testcrosses in 
different environments. These results have been observed by other inves­
tigators (Center and Alexander, 1962). Results of recurrent selection 
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studies at Iowa State University have also shown that environment x addi­
tive interaction tends to be less in selfed progeny than testcross experi­
ments (Hallauer and Miranda, 1981). In the present study, the differences 
between and testcross progenies in environment x additive interactions 
and correlations between experiments may be due in part to the fact that 
data on the two progeny types were gathered in different years. 
Relationships Between Lines and Testcrosses 
Sg progeny testing has been suggested as an effective way to evaluate 
both early generation inbred performance and general combining ability in 
maize. One objective of this study was to examine whether and testcross 
progeny tests gave similar information regarding the genotypic value of 
plants. Sg progeny testing would be expected to accurately evaluate the 
additive genetic effects of an plant, while testcrosses of plants 
would reveal combining ability. If heterosis of maize hybrids is due 
primarily to additive genetic effects with partial to complete dominance, 
the two progeny testing methods could reasonably be expected to correlate 
well. plants with genes with superior additive effects should produce 
both superior lines and plant testcrosses. 
Simple correlations between traits of S^ lines and the same traits 
of their testcrosses were presented in Tables 39 and 40. Because the 
visually and randomly selected groups gave similar results, they will be 
discussed together. Correlations between the same traits of S^ lines and 
S^ plant testcrosses were small. Only for MOIST was the correlation be­
tween progeny types large enough to warrant confidence that evaluation of 
entries of one progeny type would reasonably reflect performance of those 
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entries in the other progeny type. As mentioned in an earlier section, 
correlations between lines and testcrosses for STKLDG and RTLDG are 
difficult to intrepret and may be somewhat misleading due to a dispropor­
tionate contribution to the correlations by entries in the lower end of 
the distribution. 
Correlations between progeny types for YIELD and RPULL were smaller 
than would be expected given the importance of additive genetic effects 
in maize populations. Because lines and testcrosses were evaluated 
in different sets of environments, environmental correlations have been 
removed. The small correlations obtained for YIELD do not support the 
use of Sg line testing for evaluation of combining ability as strongly as 
do some other studies (Center and Alexander, 1962; Center, 1963; Koble and 
Rinke, 1953). Many studies have reported correlations between inbred and 
hybrid yield performance; results have been variable and both moderate and 
small correlations have been observed (Table 1). The correlations for 
YIELD in the present study are smaller than most of those calculated be­
tween early generation inbreds and their testcrosses in other studies 
(Center and Alexander, 1962; Center, 1963; Koble and Rinke, 1963; Carangal 
et al., 1971; Coulas and Lonnquist, 1976; Horner et al., 1977). Correla­
tions between progeny types for RPULL were smaller than those reported by 
Penny (1981). Penny evaluated 33 highly-inbred lines and their testcrosses 
to two testers (W64A and Oh545); phenotypic correlations between the in­
breds and the W64A and Oh5A5 testcrosses were 0.73 and 0.78, respectively, 
for postflower vertical root-pulling resistance averaged over four loca­
tions. Results of this study do not support Penny's conclusion that 
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differences in root-pull resistance of inbreds can predict hybrid root-
pull performance. 
Several hypotheses may be advanced to explain the small correlations 
observed between and testcross YIELD and between and testcross RPULL. 
One reason may be that some lines showed excellent combining ability in 
crosses, but were poor performers per se, because they were homozygous 
for undesirable recessive alleles with large effects which suppressed 
expression of the rest of the favorable additive effects of the genotype. 
The undesirable alleles in the line would be masked by tester alleles in 
testcrosses, giving a cross with good performance from a poor line per se. 
This may explain, for example, how the two poorest lines for YIELD, 
lines 1037 and 1110, ranked 42nd and 32nd in testcross YIELD (Table A12). 
Another explanation may be that epistatic effects are of greater 
importance in heterosis than is generally believed. Although epistatic 
effects have been shown to contribute to the expression of heterosis, they 
have not been demonstrated to be particularly important relative to addi­
tive and dominance effects, at least at the population level (Sprague, 
1983). However, epistasis may be of greater importance in determining the 
performance of specific crosses, and may partially explain the superior 
cross performance of lines with poor performance per se. Overdominance 
must also be mentioned as a possible explanation, although overdominance 
is not believed to be an important type of gene action in maize popula­
tions. From a Mendelian point of view, an epistatic influence on a quan­
titatively inherited trait like YIELD seems a more attractive explanation 
than that of overdominance. The number of possible interactions among a 
large number of alleles at loci conditioning a quantitatively inherited 
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trait is enormous, but it is difficult to experimentally quantify the 
importance of such epistatic interactions relative to additive and domi­
nance effects. 
The particular tester used could also have an effect on correlation 
of line and testcross performance. Originally, most maize breeders ac­
cepted that the use of a genetically broad base tester would result in 
improvement of GCA, but believed that use of a narrow base tester, such as 
an inbred line or single-cross, would improve SCA to the specific tester 
but result in little GCA improvement. Studies have shown, however, that 
use of narrow base testers improves GCA as well as SCA (Horner et al., 
1973; Hoegemeyer and Hallauer, 1976; Walejko and Russell, 1977). Never­
theless, it is possible that a particular tester could show greater or 
lesser SCA with a set of lines than another tester, and result in a greater 
or lesser correlation of line and testcross performance. Carangal et al. 
(1971) and Horner et al. (1977) each reported quite different correlations 
between line and testcross yield, depending upon the tester used (Table 1). 
In contrast. Penny (1981) found similar correlations between line and test-
cross root-pull resistance for two testers. LeFord (1984) reported that 
correlations between 90 S^ lines from BS1(HS)C1 and their testcrosses for 
five plant and grain traits were similar for testcrosses to B73 and Mol 7, 
inbred testers from opposite heterotic groups. 
In this study, the tester used was (B84 x B73), a single-cross of 
two elite lines of BSSS origin. This tester was selected to evaluate 
combining ability of the lines because of the obvious emphasis on heter­
otic response with a BSSS tester that would be desired from any line 
developed from Lancaster Composite. It can be speculated that use of a 
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different tester, perhaps the parental population, might have resulted in 
larger line-testcross correlations. Commercial maize breeders generally 
use elite inbred lines as testers, however, and selfed progeny performance 
must correlate well with combining ability as measured by testcrosses to 
elite lines to be useful to them. 
Another explanation for the small S^-testcross correlations may be 
related to cultural conditions under which the lines and crosses were 
evaluated. Other environmental conditions aside, inbred lines and hybrids 
may differ in cultural factors, such as plant density or fertility level, 
required for optimal expression of a particular trait. Sprague (1983) 
noted that a particular source of bias in inbred-hybrid comparisons is 
that trials of the two types of materials may not give optimal or equiva­
lent leaf area indices for all entries in the test. Russell and Machado 
(1978) varied planting densities of inbred lines and their testcrosses and 
found that inbred-hybrid correlations differed in different densities, but 
results were not consistent. Balko and Russell (1980) found no consistent 
effects of varying levels of nitrogen fertilization on the magnitude of 
correlations between inbred line traits and the same traits in single-
cross hybrids. Thus, defining optimal conditions for comparisons of line 
and hybrid performance is difficult. In the present study, the lines 
and hybrids were evaluated under similar plant densities (Table 3) and 
fertility regimes. 
The small S^-testcross correlations obtained for YIELD and RPULL 
have some implications for the maize breeder attempting to choose an 
intrapopulation recurrent selection scheme, depending upon the goals of 
the breeding program. For a breeder interested primarily in long-term 
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population improvement, or recurrent selection still seems to be a 
useful method. Studies have demonstrated that these systems are equal or 
superior to testcross recurrent selection in improving population combining 
ability, population performance per se, and selfed population performance 
(Tanner, 1984). A population can be purged of many recessive deleterious 
alleles using selfed progeny selection, which would improve inbred per­
formance. Using these systems, selection for favorable additive effects 
is efficient, and should eventually result in improved populations from 
which superior inbred lines can be extracted and tested in hybrid combi­
nation. 
Based on the results of this study, recurrent selection cannot be 
recommended for a breeder interested in integrating an intrapopulation 
recurrent selection scheme and an applied breeding program with a short-
term goal of developing superior hybrids. Presumably, the breeder would 
select a certain proportion of lines for recombination and also include 
them in the breeding nursery for further selfing, selection, and production 
of testcross seed for evaluation of combining ability. In this study, re­
liance on Sg data for selection of entries for further selfing and testing 
would have discarded many entries with superior testcross performance, 
especially for YIELD and RPULL. This is evident from the graphs of the 
correlations (Figures 1-10), and from the poor relationship of and 
testcross ranks for single-trait and index superiority (Tables A6-A15). 
Although a perfect relationship is not expected between and testcross 
rankings, the and testcross rankings for YIELD and RPULL were so dis­
parate -that selection of entries for hybrid performance for these traits 
based on data would be unacceptable. Too many lines with superior 
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combining ability would be discarded, based on performance only. The 
probability of finding genotypes superior as both lines and hybrids ap­
pears to be less than that expected based on the importance of additive 
genetic effects with partial to complete dominance in maize populations, 
and it appears that the breeder may have to make compromises between 
inbred and hybrid performance. 
Compromises between and testcross performance can be demonstrated 
by the data in Table 47. Selection of lines superior for a given trait 
resulted in selection of testcrosses with mean performance superior to the 
mean of all testcrosses for that trait, but inferior to the mean of test-
crosses selected based on testcross performance directly. In the same 
manner, selection of superior testcrosses resulted in selection of 
lines with mean performance superior to the overall mean, but inferior 
to the mean of lines directly selected for performance. The fact 
that selection of superior testcrosses resulted in improved mean per­
formance is encouraging; this indicates that if the breeder places all 
selection emphasis on testcross performance, and recombines superior 
entries, a gradual improvement in line performance might occur. Based 
on results of this study, then, a testcross rather than selfed progeny 
intrapopulation recurrent selection system is recommended for integration 
with an applied maize breeding program with the short-term goal of devel­
oping superior hybrids. Continuous genetic improvement of the germplasm 
source can then be accomplished, along with development of improved hy­
brids. Although inbred line performance will receive less emphasis than 
with a selfed progeny system, the applied maize breeder must compromise on 
inbred rather than hybrid performance if such compromises are necessary. 
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SUMMARY AND CONCLUSIONS 
Two sets of Sg lines were developed from Lancaster Composite in 1980. 
One set of lines was obtained by visual selection of 200 S^ lines from a 
total of 1,636 S^ lines, followed by visual selection of one S^ plant 
within each selected S^ line. Traits visually evaluated included ear 
size, kernel set, maturity, stalk-rot resistance, stalk and root lodging 
resistance, disease and insect resistance, and general line and plant 
appearance. A randomly selected set of 200 S^ lines was also developed. 
The two sets of S^ lines were subsequently testcrossed to (B84 x B73), a 
single-cross of two elite BSSS lines. The 400 S^ lines were evaluated at 
three Iowa locations in 1981, and the 400 testcrosses were evaluated at 
three Iowa locations in 1982 and one in 1983. 
One of the primary objectives of this study was to evaluate changes 
in the means and variances of traits resulting from visual selection. 
Mean YIELD and STAND of the visually selected S^ lines, averaged over all 
environments, was 1.69 q/ha and 2.58% greater, respectively, than that 
of the randomly selected lines. Mean STKLDG of the visually selected S^ 
lines, while not significantly different from that of the randomly se­
lected Sg lines, was less in all environments, indicating slight success 
for visual selection for STKLDG resistance. Mean MOIST of the visually 
selected lines was slightly greater than that of the random lines in all 
environments. Other S^ traits measured were not consistently affected 
by visual selection. 
Testcross selection type means did not differ significantly for any 
trait in the combined analyses, but a trend for reduced STKLDG and in­
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creased MOIST of the testcrosses of visually selected lines was observed 
in all environments. At Ames in 1983, an environment with a substantial 
amount of STKLDG, testcrosses of visually selected lines averaged 5.98% 
less STKLDG than testcrosses of randomly selected lines, a significant 
difference. 
For most traits of the S^ lines and testcrosses, genetic variance 
among progenies was not altered by visual selection. Where differences 
in genetic variance between selection types did exist, neither selection 
type showed consistently greater variance. 
Many of the S^ lines and testcrosses chosen for single-trait or index 
superiority were randomly selected entries. For this reason, visual se­
lection among and within lines was recommended primarily as a means 
of discarding genotypes with morphological abnormalities or undesirable 
agronomic attributes, such as excessive height and disease and insect 
susceptibility. Rather than apply stringent visual selection pressure 
for many traits, the breeder should discard obviously undesirable pheno-
types, apply selection pressure for ear size, stalk-rot resistance, and 
maturity, and then test as many of the remaining progenies as resources 
will allow. Cumulative gains in yield and stalk quality from such visual 
selection over several selection cycles could be substantial. 
A second objective of this research was to determine whether S^ line 
and Sg line testcross progeny performance gave similar information regard­
ing combining ability of S^ plants. Correlations between S^ line traits 
and the same traits in testcrosses were small, especially for YIELD and 
RPULL. Entries selected based on S^ line performance were for the most 
part different than those selected based on S^ line testcross performance. 
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whether the selection criterion was single-trait performance, Smith-Hazel 
index performance, or rank summation index performance. Rankings of en­
tries in the two progeny types were disparate, making selection of lines 
with superior testcross performance unfeasible based on line perform­
ance per se. A testcross rather than selfed progeny recurrent selection 
scheme was recommended for integration with maize hybrid development 
programs. 
Estimates of quantitative genetic parameters in Lancaster Composite 
were obtained from the randomly selected entries. Additive genetic vari­
ance for YIELD was similar to that observed in other genetically broad 
base maize populations. Highly significant genetic variability was 
present for most traits, and gain from selection will be possible in 
Lancaster Composite. 
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Table Al. Entry means (combined over three locations) for yield and 
agronomic traits of 200 visually selected S lines from 
Lancaster Composite 
Entry YIELD MOIST STKLDG RTLDG RPULL DRPEARS STAND 
q/ha 0/ kg 0/ /o 
1001 43.41 26.68 4.60 0.00 122.00 0.000 95.29 
1002 20.81 29.02 2.73 0.00 141.25 0.777 89.49 
1003 39.28 27.40 5.77 3.85 109.50 0.000 83.70 
1004 48.09 21.15 10.95 0.00 112.25 0.000 85.14 
1005 37.30 24.25 8.80 5.14 113.50 0.000 89.13 
1006 41 .84 26.87 0.52 0.41 128.00 0.407 84.78 
1007 37.99 23.32 42.35 0.81 116.00 0.000 87.68 
1008 31.09 22.28 33.07 0.40 97.00 1 .208 90.22 
1009 34.50 25.67 11.44 0.42 124.75 1.220 89.49 
1010 36.54 23.27 42.78 3.24 126.25 0.000 83.70 
1011 36.08 24.30 3.81 0.00 128.75 1.192 80.43 
1012 62.08 27.87 12.01 0.41 153.75 1 .689 87.32 
1013 52.66 26.83 8.52 0.00 124.75 0.000 94.20 
1014 29.00 23.03 31 .80 4.28 116.75 2.022 80.80 
1015 56.89 28.73 3.17 8.07 114.00 0.397 89.49 
1016 26.11 21.22 10.24 0.00 103.50 0.813 79.71 
1017 25.17 25.97 10.09 0.79 133.00 0.000 79.35 
1018 32.52 24.87 14.68 0.00 126.75 0.000 84.78 
1019 33.06 26.92 32.59 0.51 106.50 0.370 88.04 
1020 50.32 27.12 14.61 17.84 141.75 1.111 88.77 
1021 18.54 23.22 7.60 0.00 151.25 0.000 78.99 
1022 38.15 24.87 27.33 0.00 147.00 0.000 75.00 
1023 25.58 25.25 2.83 0.98 124.25 0.397 69.93 
1024 44.60 27.62 5.94 2.47 148.00 0.407 75.36 
1025 10.95 26.88 2.09 0.00 158.90 0.833 72.83 
1026 19.93 29.62 5.24 0.00 122.75 0.000 54.71 
1027 29.93 25.27 8.63 1.07 113.00 0.000 84.06 
1028 15.55 24.97 0.78 0.00 143.50 0.000 86.59 
1029 22.75 26.77 15.06 0.97 98.50 0.000 69.93 
1030 23.05 22.47 18.75 0.00 117.00 0.617 61 .96 
1031 34.85 23.17 36.49 0.00 89.50 0.000 78.26 
1032 22.54 22.43 13.39 1.63 103.00 1 .850 76.81 
1033 26.98 29.87 0.88 2.20 135.00 0.000 86.23 
1034 20.60 27.40 4.43 13.29 128.75 0.000 73.55 
1035 28.87 26.40 8.59 0.00 125.55 0.463 71 .74 
1036 26.93 21 .05 5.88 0.00 111.00 0.000 83.33 
1037 7.84 25.00 1.08 3.36 97.75 0.000 53.99 
1038 25.72 29.52 30.71 0.00 128.00 0.000 75.00 
1039 27.51 24.97 7.80 0.48 128.45 0.000 80.07 
1040 30.81 24.50 44.93 0.40 156.70 0.000 71.74 
1041 33.35 22.70 11 .98 0.39 139.00 0.000 87.68 
1042 19.24 31 .08 2.59 0.00 117.75 0.000 71 .38 
Table Al. (continued) 
Entry YIELD MOIST STKLDG RTLDG RPULL DRPEARS STAND 
q/ha 0/ kg 0/ h /o 
1043 47.04 25.37 5.84 0.00 182.25 0.000 86.23 
1044 20.04 23.87 4.27 3.31 107.50 0.476 83.70 
1045 28.52 21.33 3.18 0.00 128.00 0.000 78.26 
1046 19.93 23.05 16.24 0.49 130.25 0.000 78.62 
1047 35.88 27.15 2.77 5.00 134.25 0.000 61.96 
1048 28.43 22.12 5.57 0.00 88.25 0.000 68.48 
1049 53.93 26.58 10.34 0.00 143.50 0.000 72.83 
1050 30.99 27.17 10.33 4.02 191.00 0.000 80.43 
1051 15.35 26.85 4.89 0.00 140.50 0.000 84.42 
1052 31 .32 23.10 11.96 0.00 129.00 0.000 68.12 
1053 38.97 27.90 10.44 0.52 121.25 0.000 73.19 
1054 29.06 26.30 7.03 0.00 134.75 0.000 66.67 
1055 42.38 26.93 21.53 0.00 101.25 0.000 82.61 
1056 41 .93 25.95 9.41 5.67 109.75 0.463 79.35 
1057 30.79 27.22 4.06 4.18 113.75 0.000 75.72 
1058 14.22 27.62 5.07 0.00 107.25 0.000 79.35 
1059 28.41 26.05 4.28 0.00 101.00 0.000 85.87 
1060 18.60 19.95 66.82 0.95 122.75 1.014 66.67 
1061 47.06 27.20 13.05 0.00 124.00 0.000 77.90 
1062 47.22 25.20 18.44 0.00 153.50 0.000 81 .52 
1063 39.20 26.50 27.34 0.00 123.25 0.000 78.26 
1064 • 38.16 26.50 1.95 0.44 128.50 1 .042 66.67 
1065 29.13 23.72 26.40 0.00 137.50 2.915 83.33 
1066 32.95 28.97 6.45 0.41 156.00 0.450 79.71 
1067 22.79 30.42 14.46 1.27 144.75 0.379 84.42 
1068 44.80 24.95 6.93 0.00 121.25 0.000 69.57 
1069 29.81 21 .40 52.24 0.48 132.25 0.000 73.19 
1070 38.04 23.33 22.85 3.64 141.20 2.205 79.35 
1071 38.26 26.45 12.68 29.26 131.25 0.427 85.14 
1072 76.55 26.92 4.68 0.84 145.25 2.001 90.58 
1073 25.70 22.52 22.64 1.04 113.75 0.000 73.55 
1074 24.11 23.35 9.27 0.46 119.00 0.869 83.33 
1075 38.94 24.52 12.77 0.00 100.50 0.926 77.90 
1076 38.70 25.35 1.94 1.15 115.25 0.490 71 .01 
1077 36.32 25.25 27.24 1.25 117.00 1 .531 76.81 
1078 38.70 25.58 20.98 0.45 92.75 1 .293 84.06 
1079 24.11 26.37 9.88 0.00 124.00 0.000 66.30 
1080 33.45 23.57 2.41 0.38 149.00 1.298 88.77 
1081 41.32 28.12 25.66 2.99 91 .00 0.000 84.42 
1082 34.88 23.95 9.40 0.00 115.75 0.000 76.81 
1083 42.41 25.95 19.81 0.00 128.00 0.000 86.23 
1084 40.88 27.97 8.88 1 .40 100.75 0.450 84.78 
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Table Al. (continued) 
Entry YIELD MOIST STKLDG RTLDG RPULL DRPEARS STAND 
q/ha kg 
1085 22.15 20.32 3.97 1.42 
1086 23.09 26.00 55.00 0.40 
1087 34.67 20.92 6.78 1.95 
1088 39.65 28.43 13.26 31 .05 
1089 32.87 26.88 16.99 1.40 
1090 30.40 23.75 30.17 2.38 
1091 42.84 25.42 8.06 4.19 
1092 42.86 29.20 5.38 20.12 
1093 22.24 26.80 21 .71 1.43 
1094 23.71 22.43 8.28 0.00 
1095 20.05 26.43 1.52 2.54 
1096 36.62 24.68 13.09 7.32 
1097 29.08 28.65 5.48 0.00 
1098 25.03 22.53 16.16 5.67 
1099 21.48 28.93 5.77 1 .19 
1100 28.77 23.98 5.86 0.00 
1101 31 .80 24.30 14.81 2.59 
1102 22.68 27.58 30.24 6.67 
1103 24.54 23.15 6.51 0.60 
1104 39.67 26.57 13.72 0.00 
1105 45.07 22.85 12.56 0.00 
1106 34.02 28.68 4.42 0.64 
1107 34.57 29.72 12.67 0.72 
1108 27.62 23.62 8.41 0.46 
1109 14.11 28.30 3.95 4.43 
1110 3.80 22.98 0.72 13.90 
1111 34.21 26.23 12.63 0.56 
1112 19.36 22.35 11.57 4.45 
1113 39.19 25.03 24.56 1.16 
1114 33.50 19.92 15.44 2.30 
1115 30.87 29.17 3.49 2.31 
1116 11.94 24.67 27.80 1.40 
1117 24.85 23.55 25.30 4.02 
1118 29.57 24.02 4.73 1.18 
1119 20.25 25.05 3.21 1.01 
1120 37.92 27.28 7.53 0.00 
1121 42.47 22.35 25.44 0.44 
1122 44.75 28.95 8.73 49.15 
1123 9.73 25.28 0.84 0.00 
1124 41.87 19.62 11.04 0.86 
1125 14.61 25.22 10.19 0.64 
1126 20.82 22.07 5.04 0.44 
74.00 
104.75 
100.50 
82.75 
94.75 
115.50 
83.50 
102.30 
102.50 
123.25 
86.50 
130.75 
105.75 
100.00 
146.75 
127.00 
102.75 
120.00 
175.00 
133.75 
121 .50  
120.00 
152.75 
135.75 
121.75 
108.25 
128.50 
147.25 
121.00 
131.75 
168.25 
103.75 
119.50 
94.00 
113.25 
136.00 
146.50 
71.25 
166.25 
148.50 
149.65 
126.50 
0.758 
0.000 
0.439 
0.000 
0.000 
2.164 
0.813 
2.015 
1.790 
0.000 
0.000 
0.439 
0.397 
0.000 
0.490 
0.000 
0.000 
1.713 
0.476 
0.000 
0.000 
0.000 
2.090 
0.388 
0.854 
0.370 
0.439 
1.252 
0.775 
2.966 
0.417 
0.000 
1 .316 
0.407 
0.505 
0.000 
0.000 
0.000 
0.000 
0.379 
0.000 
0.370 
51.09 
78.99 
72.83 
76.45 
83.33 
80.80 
77.17 
88.77 
81.16 
86.59 
70.65 
82.61 
80.80 
81.52 
75.72 
80.43 
80.80 
81.16 
64.49 
67.03 
85.87 
82.25 
53.62 
77.90 
75.72 
85.14 
76.09 
79.35 
87.68 
62.32 
91.30 
77.54 
79.71 
91.30 
76.09 
69.57 
87.68 
85.87 
83.33 
91.67 
70.65 
89.86 
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Table Al. (continued) 
Entry YIELD MOIST STKLDG RTLDG RPULL DRPEARS STAND 
q/ha 0/ kg 0/ 
1127 31.17 26.18 18.33 2.08 130.75 3.350 70.65 
1128 35.22 24.78 8.26 0.88 122.75 0.397 85.87 
1129 31.18 22.80 12.95 2.32 73.75 0.000 90.58 
1130 36.41 25.62 46.70 2.03 101.00 0.775 88.41 
1131 33.01 23.75 15.31 1.61 96.50 1.449 88.41 
1132 18.92 24.23 27.39 0.00 127.75 0.388 84.06 
1133 21 .81 22.55 7.44 4.29 95.50 0.000 87.32 
1134 33.32 25.42 15.71 6.65 115.00 0.813 86.96 
1135 31.08 24.15 35.22 16.02 72.25 0.000 88.41 
1136 16.18 22.50 50.52 0.00 103.00 0.775 80.07 
1137 30.24 23.37 40.96 2.83 111.25 0.000 88.04 
1138 32.59 22.10 20.34 0.00 99.50 2.036 84.42 
1139 28.53 27.12 28.73 0.81 112.00 0.000 87.32 
1140 38.45 25.10 12.44 0.46 112.25 1 .526 85.51 
1141 27.72 22.67 16.86 0.39 100.75 0.000 93.48 
1142 41.53 23.05 6.65 0.00 115.25 0.877 72.10 
1143 30.09 23.12 16.03 0.49 138.75 1.931 85.51 
1144 35.13 27.05 18.40 0.00 120.50 0.855 89.49 
1145 57.81 25.58 31.47 4.13 99.50 0.417 88.77 
1146 21.10 23.47 20.52 0.00 100.50 0.000 90.58 
1147 29.10 26.75 45.27 0.42 112.25 0.000 85.14 
1148 33.72 21 .43 18.11 3.18 117.50 0.000 88.77 
1149 26.05 20.97 2.64 0.00 154.50 0.000 88.04 
1150 30.89 25.85 9.13 1.51 123.75 0.877 93.84 
1151 47.79 24.73 12.26 3.67 118.75 0.000 88.77 
1152 32.14 24.00 6.83 0.46 113.00 0.388 83.70 
1153 38.70 21.77 5.79 0.00 97.75 0.463 89.13 
1154 25.77 26.68 13.05 0.00 112.25 0.000 79.35 
1155 24.29 23.68 36.22 1.25 94.25 0.000 84.42 
1156 27.40 24.32 20.64 0.00 141.75 0.388 84.78 
1157 31.06 23.85 3.22 0.80 128.25 0.794 80.43 
1158 33.00 28.25 4.81 0.37 116.00 0.397 93.84 
1159 29.55 27.20 16.60 4.20 97.25 0.000 84.06 
1160 26.88 24.80 0.40 0.00 144.75 0.362- 92.39 
1161 38.11 19.70 45.14 0.74 128.50 0.370 92.39 
1162 22.95 25.62 15.11 9.94 63.00 0.505 84.78 
1163 21 .58 24.30 30.04 0.00 92.00 0.000 87.68 
1164 31.14 23.65 23.39 1.19 106.25 2.068 86.96 
1165 12.83 21 .03 19.02 2.41 111.50 0.490 67.75 
1166 16.52 21 .58 31 .68 0.52 107.50 0.397 85.51 
1167 36.99 25.10 3.81 9.49 72.75 5.472 86.23 
1168 33.20 26.37 31.14 1.39 93.25 0.000 81 .88 
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Table Al. (continued) 
Entry YIELD MOIST STKLDG RTLDG RPULL DRPEARS STAND 
q/ha 0/ kg o; /«J /< 
1169 36.81 23.58 30.78 0.00 121.25 1.190 80.80 
1170 34.92 26.12 5.22 2.44 176.25 0.407 85.87 
1171 20.38 19.45 24.26 0.48 107.25 0.000 78.99 
1172 15.60 25.38 21.18 1.92 110.75 0.000 88.41 
1173 28.81 23.43 23.85 4.52 80.25 0.758 85.14 
1174 19.61 21 .87 9.06 0.00 124.70 0.000 85.14 
1175 29.26 22.07 51.56 7.67 89.50 1.190 84.06 
1176 15.04 22.40 10.53 1.14 98.25 0.000 89.49 
1177 20.25 28.12 1.60 0.00 144.75 0.000 80.07 
1178 32.63 28.65 12.51 2.57 117.25 2.566 84.06 
1179 24.87 24.00 48.22 0.00 98.25 0.813 72.10 
1180 35.54 28.38 22.42 2.97 110.25 0.000 71 .74 
1181 12.74 27.13 1.57 1.62 84.25 0.766 92.39 
1182 26.04 28.67 7.18 1.87 119.25 5.395 90.58 
1183 49.66 24.18 24.37 0.87 164.75 0.370 89.13 
1184 44.63 23.17 23.57 0.48 103.75 2.003 88.04 
1185 43.25 23.83 11.48 1 .51 116.50 3.784 84.78 
1186 13.29 24.82 7.51 0.00 90.50 1.271 77.90 
1187 28.94 23.25 33.95 1.17 88.25 0.000 87.68 
1188 30.29 28.95 7.92 2.82 125.00 1.272 79.35 
1189 27.93 22.02 30.93 0.81 168.25 1.240 87.32 
1190 40.81 22.58 20.50 0.00 135.50 2.348 85.14 
1191 39.69 26.38 3.62 0.00 143.50 1.075 55.43 
1192 29.52 24.27 35.15 0.48 113.50 0.000 87.32 
1193 24.63 21 .87 11.08 1.45 128.70 6.743 45.29 
1194 39.14 24.43 18.89 3.51 106.25 0.388 86.59 
1195 19.43 22.28 47.19 0.90 100.50 0.775 81.88 
1196 28.43 25.02 1.25 0.39 90.50 0.775 85.87 
1197 40.73 21 .85 11.08 0.42 94.00 1 .852 91.30 
1198 18.27 27.10 6.49 0.00 113.25 1.111 90.94 
1199 34.89 25.37 3.56 3.91 120.75 3.835 84.78 
1200 34.60 23.35 10.36 0.00 127.00 0.000 90.58 
L.S.D. 
(.05) 7.52 2.42 10.83 4.68 36.63 1.67 9.13 
Mean 31 .10 24.97 15.48 2.28 119.34 0.640 81.02 
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Table A2. Entry means (combined over three locations) for yield and 
agronomic traits of 200 randomly selected S_ lines from 
Lancaster Composite 
Entry YIELD MOIST STKLDG RTLDG RPULL DRPEARS STAND 
q/ha 0/ kg 0/ /U /o 
2001 15.25 21 .73 11.62 2.02 85.00 0.000 27.54 
2002 19.79 23.55 5.84 0.00 115.50 0.000 53.62 
2003 32.61 21.42 35.58 0.83 121.90 0.000 81.88 
2004 50.79 22.68 15.26 6.00 105.75 0.000 84.06 
2005 32.81 21.45 44.30 1.71 92.25 0.000 78.26 
2005 54.98 27.57 4.46 0.78 146.50 0.407 91.67 
2007 48.80 25.32 3.00 0.00 130.75 1.704 85.51 
2008 16.71 23.62 6.95 0.00 115.50 0.000 86.59 
2009 13.46 22.27 7.53 1.11 137.35 0.000 60.51 
2010 38.79 22.25 2.40 0.00 115.50 1.310 86.23 
2011 28.55 25.55 16.15 18.18 135.50 0.000 52.17 
2012 21 .61 24.13 3.39 1.88 139.75 0.667 61.23 
2013 11.14 24.35 8.98 4.73 106.00 0.000 85.51 
2014 36.43 22.65 12.83 4.09 135.75 0.000 69.57 
2015 28.04 23.42 8.94 6.02 141.50 • 0.890 76.45 
2016 37.31 24.42 11.12 1.25 124.70 0.000 81.52 
2017 26.87 18.98 35.46 0.46 124.75 0.000 86.59 
2018 24.90 27.25 14.87 0.00 86.25 0.000 79.71 
2019 16.12 25.37 24.65 0.00 130.75 0.000 57.97 
2020 23.16 22.63 3.27 0.00 142.50 0.397 88.04 
2021 24.64 23.73 11.30 0.93 132.50 0.000 48.19 
2022 18.46 29.40 1 .98 0.00 121.00 0.000 74.64 
2023 38.51 28.22 9.49 0.43 110.25 0.000 85.14 
2024 23.54 24.63 36.10 3.82 89.50 0.000 80.07 
2025 13.66 21.75 5.56 0.00 107.65 0.877 38.41 
2026 65.30 29.40 6.80 0.00 230.50 0.397 89.86 
2027 31.49 23.32 22.41 0.00 139.15 0.835 84.78 
2028 30.58 28.28 4.55 1.01 98.50 1.230 67.03 
2029 22.92 23.35 6.20 1.38 147.00 0.000 73.19 
2030 17.08 25.40 28.41 0.00 129.25 0.427 73.91 
2031 34.72 22.70 59.28 0.00 192.00 0.000 76.81 
2032 39.21 29.47 6.05 0.42 122.50 0.000 84.06 
2033 26.72 22.62 44.61 1.96 90.25 0.000 75.00 
2034 20.44 23.85 17.23 3.63 123.15 0.000 52.90 
2035 33.02 25.13 0.56 0.00 147.25 0.000 66.67 
2036 12.93 22.93 0.00 0.00 168.80 0.000 69.57 
2037 23.87 22.58 4.80 0.00 158.50 0.000 86.23 
2038 20.69 24.60 26.66 0.00 132.00 0.000 66.30 
2039 20.45 22.48 6.51 2.53 105.25 0.450 80.43 
2040 21.12 24.30 29.28 2.63 101 .50 0.556 79.35 
2041 27.57 23.85 34.79 0.00 109.50 0.000 75.36 
2042 35.80 24.07 3.57 0.00 102.00 0.000 77.54 
Table A2. (continued) 
Entry YIELD MOIST STKLDG RTLDG RPULL DRPEARS STAND 
q/ha 0/ kg 0/ /y /o 
2043 32.29 22.83 9.04 0.49 125.00 0.538 74.28 
2044 31.40 26.62 18.90 0.00 121.25 1 .316 73.19 
2045 28.42 23.98 16.13 5.89 104.25 1.343 86.59 
2046 24.35 21.13 10.16 0.00 84.00 0.000 72.83 
2047 34.51 22.68 21.14 0.82 94.75 0.000 85.14 
2048 21.86 21.30 20.63 0.00 122.25 1.389 65.94 
2049 22.13 22.83 19.73 0.00 116.25 0.000 64.49 
2050 35.57 23.00 18.83 1.75 149.50 0.000 81 .16 
2051 42.65 26.92 14.51 1.19 86.25 0.000 82.97 
2052 39.41 25.72 6.04 0.41 110.50 0.866 74.64 
2053 34.07 25.83 5.46 1.30 141.00 0.844 85.14 
2054 30.77 21.15 48.27 3.17 91 .25 0.000 76.45 
2055 20.17 24.98 0.00 0.00 135.25 0.521 73.91 
2056 35.99 24.68 11.43 0.00 106.20 2.290 81.16 
2057 31.76 23.62 2.92 0.98 107.50 0.000 58.70 
2058 32.16 26.60 2.14 0.00 119.25 0.000 84.42 
2059 46.56 27.17 7.59 2.15 182.50 0.000 85.51 
2060 25.75 25.23 14.22 1.85 144.25 0.000 56.88 
2061 23.78 23.37 8.85 19.48 148.25 0.000 76.81 
2062 45.46 26.20 14.57 0.83 124.75 1.613 84.78 
2063 17.64 25.70 7.67 1 .01 99.75 0.000 75.36 
2064 18.03 29.35 16.02 0.00 143.75 0.476 62.32 
2065 31 .47 24.05 0.79 0.00 91.75 0.000 82.61 
2066 37.65 27.20 10.42 0.90 124.00 2.564 81.16 
2067 23.69 27.70 4.34 0.00 137.25 0.000 82.25 
2068 28.62 26.17 39.88 1.57 156.75 1.316 74.64 
2069 16.66 27.20 6.33 0.00 140.50 0.880 83.70 
2070 18.04 25.47 1.94 0.00 105.00 0.000 73.91 
2071 33.33 24.25 4.82 0.00 137.25 0.944 78.62 
2072 33.51 30.00 5.06 3.39 140.75 0.000 90.22 
2073 17.46 26.23 14.63 0.00 122.50 0.000 74.28 
2074 25.24 27.63 1.12 0.62 148.00 0.000 63.77 
2075 42.75 25.97 8.61 0.48 149.25 0.000 80.80 
2076 12.35 22.95 4.02 0.00 92.25 0.000 65.94 
2077 19.42 26.82 0.39 0.00 117.50 0.000 83.70 
2078 31.70 27.07 24.62 0.00 119.75 0.000 77.90 
2079 40.76 30.50 9.38 4.84 106.25 0.000 71 .38 
2080 36.02 25.63 4.63 0.00 104.75 0.439 78.99 
2081 21.25 23.07 15.06 0.81 84.50 0.000 92.75 
2082 17.47 23.37 9.35 0.00 105.00 1.284 84.06 
2083 25.55 25.25 34.16 3.67 98.50 0.980 77.54 
2084 35.79 21.47 31.19 1.87 91 .25 1 .071 77.54 
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Table A2. (continued) 
Entry YIELD MOIST STKLDG RTLDG RPULL DRPEARS STAND 
q/ha Of kg 0/ p 
2085 35.65 24.60 27.40 21.47 73.25 0.476 82.97 
2086 26.04 30.27 9.45 28.43 83.25 0.000 82.61 
2087 45.20 25.08 9.83 12.35 104.25 0.775 90.22 
2088 19.66 21 .55 14.57 7.15 98.60 0.000 91.30 
2089 28.32 23.47 15.40 2.03 113.50 0.000 73.55 
2090 42.21 24.13 12.48 5.99 94.30 2.635 93.84 
2091 35.88 25.37 8.08 0.00 143.50 3.758 47.46 
2092 26.36 22.05 51.02 2.49 114.90 1.754 50.00 
2093 35.82 23.70 18.60 0.81 128.00 0.000 83.33 
2094 39.10 27.28 11.75 4.50 140.00 1 .391 73.55 
2095 20.13 28.22 2.45 2.66 114.25 0.450 73.19 
2096 37.06 23.73 • 7.55 0.00 121.75 0.388 88.41 
2097 32.95 19.55 28.04 0.00 144.40 0.000 44.57 
2098 30.68 23.77 34.68 1.61 132.75 0.538 82.61 
2099 33.78 23.55 12.24 8.70 117.75 0.417 84.42 
2100 28.54 25.90 19.17 0.43 110.50 0.000 82.25 
2101 19.31 27.20 12.21 4.51 112.00 0.741 79.35 
2102 23.40 26.05 3.19 27.39 97.00 1.235 60.14 
2103 51.60 27.63 28.09 0.43 143.00 0.000 89.49 
2104 33.57 20.12 14.48 0.00 106.25 0.427 81 .52 
2105 19.01 21.28 1.19 0.00 137.25 0.000 75.36 
2106 52.68 24.97 10.68 0.00 137.25 0.741 83.33 
2107 23.52 27.57 8.62 0.00 124.30 0.877 83.33 
2108 26.22 27.98 3.09 7.80 89.25 0.362 88.41 
2109 24.58 21.55 42.81 0.00 108.00 1.721 82.97 
2110 28.51 22.13 17.05 0.49 125.00 3.756 77.17 
2111 41 .59 21.70 20.33 6.03 125.50 0.000 87.32 
2112 17.31 22.68 35.65 2.99 96.75 4.645 90.94 
2113 23.61 25.22 19.90 0.93 100.00 0.000 76.45 
2114 33.17 23.32 18.79 1.44 115.50 0.000 71.74 
2115 26.26 26.18 38.84 0.00 81 .00 0.000 84.78 
2116 39.26 29.02 25.66 0.00 128.00 0.000 76.45 
2117 44.68 25.08 26.58 0.42 169.50 0.000 77.90 
2118 19.53 23.17 21 .47 6.21 125.75 0.000 82.61 
2119 34.71 22.02 5.17 1 .08 128.25 3.232 78.62 
2120 23.91 23.25 5.00 7.99 140.00 2.938 74.64 
2121 23.19 23.00 42.23 0.00 94.75 0.521 85.14 
2122 34.65 25.45 4.62 1.52 140.50 0.397 87.32 
2123 18.50 25.03 0.88 0.00 150.25 0.000 83.33 
2124 31 .25 21 .00 25.45 3.35 99.75 0.505 68.12 
2125 35.78 25.00 24.79 0.85 128.50 1.795 78.62 
2126 50.56 20.77 12.04 6.52 118.00 2.073 86.96 
Table A2. (continued) 
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Entry YIELD MOIST STKLDG RTLDG RPULL DRPEARS 
q/ha 0/ kg 0/ /o 
2127 32.10 25.52 39.08 0.81 136.00 0.794 
2128 21.25 20.70 65.17 0.00 115.00 0.000 
2129 13.27 23.10 32.33 0.00 94.50 0.869 
2130 18.64 22.68 31 .67 1.32 112.50 0.000 
2131 16.31 21 .28 46.73 0.62 131.75 1.162 
2132 15.26 20.50 9.22 2.89 125.50 0.000 
2133 32.88 23.73 6.90 0.00 131.00 1.210 
2134 33.29 22.28 10.33 4.13 134.25 0.817 
2135 28.65 20.55 13.38 2.52 104.90 0.000 
2136 22.14 23.63 20.31 0.00 164.00 0.926 
2137 31.97 25.40 19.68 1.74 125.25 0.000 
2138 20.71 17.78 29.68 0.00 114.75 0.000 
2139 30.16 22.73 17.08 0.41 142.50 0.000 
2140 25.88 23.48 27.05 0.00 128.10 0.000 
2141 19.91 24.40 24.45 0.00 104.50 0.758 
2142 47.18 23.77 11.22 0.00 120.50 0.370 
2143 14.83 19.12 24.93 0.00 137.75 0.000 
2144 17.75 26.98 5.62 1 .23 129.75 0.844 
2145 33.83 23.58 27.72 0.00 89.75 1 .258 
2146 30.50 23.88 3.12 1 .22 117.00 0.813 
2147 41.88 26.23 12.92 4.76 98.00 1.690 
2148 10.45 18.68 48.74 1.04 112.75 0.000 
2149 30.51 26.47 80.38 0.00 132.75 0.000 
2150 28.68 19.75 14.77 0.00 111.75 0.775 
2151 39.08 27.00 20.12 2.82 102.50 0.813 
2152 15.74 22.37 70.69 1.25 105.50 0.000 
2153 20.64 23.72 47.59 0.85 103.50 0.000 
2154 31.87 26.12 4.66 5.47 114.75 0.362 
2155 36.26 27.57 4.44 4.25 104.50 1 .353 
2156 26.63 27.32 8.60 0.00 102.75 0.000 
2157 26.25 21.60 38.01 1.71 128.75 0.388 
2158 19.90 29.00 9.25 0.00 148.50 0.000 
2159 30.13 25.15 24.49 3.44 114.90 0.556 
2160 14.81 25.40 12.81 3.91 97.75 0.000 
2161 41 .57 26.00 21 .51 0.00 146.25 0.794 
2162 30.86 24.58 28.96 4.26 96.50 0.370 
2163 27.87 20.20 29.34 1.17 97.25 0.000 
2164 19.17 25.58 6.94 5.09 109.75 0.641 
2165 23.39 27.13 3.00 0.38 117.75 0.000 
2166 40.27 25.30 35.95 0.79 109.25 0.000 
2167 39.50 23.53 27.59 0.38 125.25 0.000 
2168 19.87 22.57 28.14 0.00 92.75 0.000 
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Table A2. (continued) 
Entry YIELD MOIST STKLDG RTLDG RPULL DRPEARS STAND 
q/ha 0/ kg 0/ /U /o 
2169 28.64 20.97 11.76 0.00 123.50 0,000 80.43 
2170 31.31 24.03 18.12 5.30 83.25 2.560 86.59 
2171 29.77 21 .67 42.68 0.00 70.00 1.087 89.49 
2172 37.47 23.57 28.19 16.02 75.50 0.000 92.39 
2173 25.51 19.95 35.91 0.00 95.00 0.000 78.99 
2174 46.62 25.37 29.82 1.92 132.95 0.427 81.52 
2175 17.15 28.12 12.50 0.00 141.25 0.505 79.35 
2176 30.41 21 .35 29.57 0.54 114.75 0.417 76,81 
2177 19.93 21.45 10.90 9.29 114.50 0.901 75,36 
2178 24.04 25.15 12.91 0.00 135.00 0.000 77.90 
2179 21.89 22.47 20.06 10.64 88.00 0.000 56.16 
2180 39.28 25.55 48.11 3.25 103.75 0.000 80.43 
2181 45.97 23.43 23.83 0.46 69.25 0.694 91 ,67 
2182 21.17 23.73 43.07 4.08 97.00 0.000 86.23 
2183 20.07 23.08 23.54 0.00 119.50 0.000 92.03 
2184 33.99 22.60 12.65 7.25 89.75 0.000 80.80 
2185 33.07 28.50 0.36 20.33 77.25 0.779 90.22 
2186 23.94 26.90 36.47 11.05 45.50 0.000 84.06 
2187 40.13 23.50 11.70 2.97 129.00 0.476 71.01 
2188 32.83 20.87 13.94 0.00 103.25 1.331 83.70 
2189 30.71 28.17 9.99 0.79 96.75 3.564 87.32 
2190 29.15 24.93 2.09 0.56 102.00 0.000 61.23 
2191 35.41 24.15 7.68 0.49 101.25 0.505 71 ,38 
2192 36.62 28.32 5.67 1.28 143.75 0.000 85,51 
2193 47.43 24.65 11.11 3.17 122.00 0.388 89,49 
2194 40.84 23.12 9.63 0.00 120.00 2.350 90.58 
2195 42.02 23.77 20.55 0.78 93.50 0.000 83,33 
2196 39.72 25.57 19.91 0.00 94.00 3.339 88.04 
2197 39.88 22.77 26.65 0.44 90.00 0,417 87.68 
2198 23.10 23.72 11.65 0.39 133.25 0.794 86.23 
2199 18.72 22.17 14.17 2.55 99.00 0.813 89.86 
2200 52.14 25.42 2.82 3.12 129.00 1.136 89.49 
L.S.D. 
(.05) 7.52 2.42 10.83 4.68 36.63 1 .67 9.13 
Mean 29.41 24.31 17.46 2.35 117.72 0.550 78.44 
210 
Table A3. Entry means (combined over four locations) for yield and 
agronomic traits of 200 testcrosses of visually selected 
Sg lines from Lancaster Composite 
Entry YIELD MOIST STKLDG RTLDG RPULL DRPEARS STAND 
q/ha 0/ kg 0/ 
1001 87.23 22.73 11.08 2.32 172.03 0.355 86.30 
1002 79.41 24.86 9.75 0.30 177.85 1.074 85.34 
1003 88.23 24.65 15.68 4.75 157.25 0.340 81.49 
1004 95.09 21.98 13.67 2.06 167.40 0.355 84.38 
1005 76.70 23.20 16.00 5.42 157.88 0.000 87.74 
1006 79.45 24.28 17.32 4.45 132.38 0.000 88.94 
1007 74.56 21 .54 34.52 2.98 151.75 0.000 89.66 
1008 74.79 23.90 17.24 3.39 149.38 0.000 61.54 
1009 84.76 25.29 21.72 7.09 162.85 0.694 86.78 
1010 83.26 22.80 22.35 5.10 179.25 0.388 87.74 
1011 84.86 23.06 12.01 2.88 174.75 0.680 82.45 
1012 92.00 23.49 17.56 5.79 140.58 0.327 86.78 
1013 84.74 24.45 12.35 4.07 178.03 0.000 87.02 
1014 74.54 22.41 21.92 3.43 134.85 1.064 82.93 
1015 87.11 25.88 14.60 25.85 158.50 0.000 90.38 
1016 75.50 22.71 14.61 1 .99 162.53 0.355 83.89 
1017 87.73 23.35 19.93 11.33 147.60 0.709 88.22 
1018 81.01 23.58 16.90 1.05 176.60 0.000 91.59 
1019 79.02 24.50 29.95 2.39 162.58 0.694 84.13 
1020 92.99 22.89 24.49 5.60 169.95 0.000 90.63 
1021 78.24 19.99 24.70 1.95 158.08 0.000 77.64 
1022 76.38 22.55 19.58 3.67 148.93 0.340 88.46 
1023 77.26 24.01 10.91 10.98 153.33 3.934 87.26 
1024 85.78 23.66 22.81 9.19 171.90 1.056 87.98 
1025 86.39 24.94 13.61 6.37 169.50 0.725 92.55 
1026 69.33 22.56 26.29 4.93 167.38 2.112 82.93 
1027 90.43 22.73 21.68 3.64 165.25 0.741 87.02 
1028 77.25 22.49 12.80 19.64 112.33 0.868 75.48 
1029 72.06 23.95 5.51 6.63 152.05 0.333 90.14 
1030 69.03 20.70 18.31 11.31 132.40 1.856 84.13 
1031 72.57 22.49 28.12 2.45 148.23 0.000 89.66 
1032 61 .40 21.90 22.80 7.08 122.10 11.975 77.64 
1033 87.90 24.30 12.58 10.28 170.15 0.000 82.93 
1034 87.96 25.18 13.01 21 .85 157.23 0.379 69.47 
1035 86.83 22.29 16.21 6.16 197.60 0.680 89.66 
1036 73.79 20.35 15.93 4.94 171.53 0.362 87.02 
1037 89.10 23.85 27.26 5.79 137.70 0.000 87.02 
1038 89.54 25.00 17.73 2.82 174.40 1.701 86.30 
1039 87.12 23.96 19.94 8.22 151.00 0.451 78.37 
1040 82.14 21 .46 32.99 2.21 155.28 0.000 84.62 
1041 79.13 21 .05 23.57 5.33 172.65 0.000 86.78 
1042 91 .80 24.34 16.39 0.27 175.13 1.361 91 .35 
Table A3, (continued) 
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Entry YIELD MOIST STKLDG RTLDG RPULL DRPEARS 
q/ha 0/ kg 0/ /u /o 
1043 81.89 23.28 13.82 5.39 182.53 1.058 
1044 85.14 22.38 17.24 10.13 127.20 0.000 
1045 74.88 21.53 11.58 2.23 167.13 0.000 
1046 82.62 21.53 16.21 0.00 193.78 0.000 
1047 78.06 24.54 12.78 18.61 136.78 0.000 
1048 68.87 22.33 14.77 3.50 158.38 0.000 
1049 84.82 23.25 17.71 1 .35 131.35 0.000 
1050 90.49 21 .20 23.53 7.60 159.38 0.000 
1051 88.32 24.01 23.51 4.68 149.00 0.000 
1052 77.95 21.96 25.82 0.61 163.00 0.000 
1053 88.92 23.34 19.41 1.06 128.40 0.000 
1054 83.65 22.96 20.42 3.51 151.50 0.379 
1055 71.99 24.98 23.23 1.92 160.75 0.000 
1056 84.26 23.78 11.43 11.23 147.90 0.813 
1057 92.83 24.18 19.38 8.05 151.08 0.388 
1058 76.26 26.94 18.31 3.80 156.23 0.370 
1059 88.99 21,96 13.43 2.29 151.45 0.726 
1060 61 .37 20.10 43.99 0.33 175.85 0.000 
1061 91.20 23.36 13.64 1.83 148.98 0.347 
1062 77.48 23.40 17.32 2.30 161.15 0.379 
1063 75.18 22.58 33.01 3.60 134.08 0.000 
1064 91.33 24.64 13.24 3.93 154.38 0.702 
1065 87.81 23.96 7.60 0.00 157.20 0.680 
1066 83.18 25.29 15.95 7.00 163.88 1.068 
1067 70.95 24.89 25.63 4.42 152.38 0.000 
1068 77.01 22.03 12.50 4.77 176.43 0.694 
1069 65.99 20.51 36.44 5.03 171.98 0.000 
1070 79.06 24.08 18.19 4.53 147.75 1.087 
1071 78.26 24.64 15.27 18.27 155.60 0.333 
1072 81.79 23.61 11.78 4.74 149.88 1.848 
1073 51.53 22.26 42.69 2.70 143.93 0.000 
1074 78.76 23.09 26.75 13.78 105.05 0.741 
1075 88.51 23.68 10.55 3.56 133.25 0.355 
1076 89.16 23.31 11.64 4.84 137.78 .1 .729 
1077 80.88 23.69 13.03 6.78 147.50 0.355 
1078 83.20 23.90 19.12 3.30 177.38 0.787 
1079 81.07 23.43 18.77 15.78 173.38 0.000 
1080 87.03 22.24 11.19 9.46 150.50 0.000 
1081 88.08 21.91 19.04 7.32 119.80 0.000 
1082 83.86 22.73 21.43 3.74 149.10 0.355 
1083 92.29 22.55 24.89 2.32 177.43 0.370 
1084 89.08 23.90 13.55 11.02 160.25 0.000 
87.50 
82.93 
84.86 
84.62 
82.69 
87.74 
88.22 
86.78 
88.70 
85.58 
93.75 
82.93 
89.18 
83.65 
84.13 
89.42 
84.86 
85.58 
86.78 
84.86 
89.18 
89.66 
85.34 
85.82 
81.01 
81 .73 
85.58 
82.21 
87.50 
86.54 
80.77 
88.46 
88.70 
89.90 
82.69 
82.93 
80.29 
89.42 
83.41 
89.90 
90.63 
87.98 
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Table A3, (continued) 
Entry YIELD MOIST STKLDG RTLDG RPULL DRPEARS STAND 
q/ha kg 
1085 71.80 22.58 10.09 4.90 142.28 0.813 
1086 66.24 24.36 33.29 7.49 142.83 0.000 
1087 84.00 20.79 14.69 10.43 150.25 0.000 
1088 87.42 23.00 19.48 11.96 150.85 0.000 
1089 79.32 23.94 15.79 2.78 146.30 0.000 
1090 77.64 23.38 15.97 8.05 149.85 0.000 
1091 74.11 20.38 30.12 4.93 157.00 0.000 
1092 90.68 23.71 14.59 18.58 128.55 0.347 
1093 73.18 21.54 31.04 12.76 157.75 0.758 
1094 79.85 21.96 15.08 2.42 160.58 0.733 
1095 75.39 22.81 15.75 13.60 133.45 0.725 
1096 82.54 21 .36 16.87 2.50 168.45 0.000 
1097 75.41 23.53 19.32 3.80 146.88 0.000 
1098 69.82 20.79 19.03 4.43 174.15 0.000 
1099 71.81 23.43 10.65 2.56 129.35 0.617 
1100 82.20 24.01 19.98 2.56 190.63 0.370 
1101 82.79 23.16 15.14 8.31 157.13 0.340 
1102 74.55 23.94 12.21 9.13 184.33 1.564 
1103 80.52 20.80 22.23 2.39 144.50 0.340 
1104 82.69 24.29 29.83 3.49 157.25 1.042 
1105 87.51 23.60 19.51 10.62 156.63 0.000 
1106 84.05 24.84 21.87 4.84 157.38 0.673 
1107 83.15 24.65 16.74 10.42 168.13 2.057 
1108 83.28 23.59 20.04 9.33 152.38 0.000 
1109 80.85 24.39 21 .65 13.97 154.88 0.000 
1110 90.10 24.46 21.05 9.11 160.50 0.000 
1111 86.23 21.69 12.71 4.39 150.25 0.355 
1112 72.51 22.04 35.73 18.81 167.25 1.379 
1113 82.02 24.20 29.78 7.92 152.00 0.388 
1114 89.46 20.66 24.12 9.54 186.08 0.741 
1115 82.91 24.25 9.49 3.32 143.35 0.340 
1116 68.65 22.49 19.31 6.28 137.38 0.000 
1117 86.01 23.19 • 28.68 4.63 161.38 0.000 
1118 83.06 23.35 22.24 9.40 171.13 0.347 
1119 84.10 23.83 14.74 4.00 155.38 0.000 
1120 71 .32 22.88 33.02 2.97 141.48 0.833 
1121 79.33 23.53 17.53 8.25 163.48 0.000 
1122 79.45 26.84 23.10 33.13 149.50 1.130 
1123 71.90 25.15 7.42 0.00 163.63 0.000 
1124 77.30 21.24 15.33 4.02 170.33 0.407 
1125 79.26 23.94 14.85 6.80 158.88 0.379 
1126 84.86 21.20 9.24 0.30 196.75 0.340 
66.35 
87.74 
90.63 
89.90 
87 .26  
81.73 
82.93 
92.55 
80.29 
90.87 
88.70 
85.10 
88.22 
70.43 
65.63 
83.89 
92.55 
71.63 
91 .35 
91.59 
85.82 
87.50 
88.94 
89.90 
75.72 
85.34 
86.30 
87.50 
82.93 
87.02 
87.74 
87.74 
87.74 
87.74 
79.81 
82.21 
87.26 
81.49 
76.92 
84.62 
74.04 
83.65 
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Table A3, (continued) 
Entry YIELD MOIST STKLDG RTLDG RPULL DRPEARS STAND 
q/ha % kg % 
1127 75.37 22.60 10.88 12.11 149.75 0.505 
1128 87.94 24.13 18.89 9.19 184.25 0.333 
1129 88.38 23.79 17.48 4.30 151.65 0.000 
1130 81.20 21 .95 23.51 7.10 161.25 0.000 
1131 74.54 23.15 21 .45 3.28 148.70 0.407 
1132 71.20 21.14 14.24 3.17 168.00 0.388 
1133 75.78 21.23 12.33 10.88 155.78 0.000 
1134 81.27 23.44 10.94 13.53 138.33 0.379 
1135 85.61 22.56 29.16 9.83 126.10 0.388 
1136 79.50 19.64 20.95 6.70 155.00 0.000 
1137 88.36 23.48 18.03 10.32 155.00 0.000 
1138 89.69 22.40 17.10 1 .27 166.40 0.980 
1139 93.49 24.00 18.42 . 7.94 162.90 0.340 
1140 72.69 22.20 15.55 3.59 151.20 0.674 
1141 84.57 22.64 30.74 7.13 164.73 0.000 
1142 85.55 22.20 10.37 9.83 140.13 0.340 
1143 75.23 22.30 11.92 10.71 144.45 0.347 
1144 71.58 24.94 13.65 3.23 156.58 1.458 
1145 81.85 23.21 29.00 5.00 167.58 0.000 
1146 77.15 22.98 23.55 5.13 170.63 0.000 
1147 84.04 24.23 21 .52 3.83 193.25 0.000 
1148 82.57 20.94 27.84 7.86 151.38 0.725 
1149 86.61 22.96 14.09 1.69 165.08 1.136 
1150 89.38 25.08 9.86 5.87 172.50 0.000 
1151 89.17 23.50 16.36 12.98 137.93 1.000 
1152 66.91 24.84 17.77 6.19 151.23 0.000 
1153 80.06 20.11 14.35 3.86 151.88 0.641 
1154 82.62 22.93 16.97 6.52 117.20 0.000 
1155 69.92 21.50 23.58 1.29 161.65 0.340 
1156 87.00 24.13 14.86 0.25 191.03 0.000 
1157 79.93 22.08 9.43 6.85 182.35 0.347 
1158 81.24 26.11 15.52 2.22 180.83 0.333 
1159 82.98 23.31 25.84 4.39 181.70 0.000 
1160 84.07 23.29 15.13 1.86 180.75 0.000 
1161 75.98 21.64 30.86 1.87 158.45 1.209 
1162 68.40 22.31 30.22 19.98 151.83 0.000 
1163 81.49 22.98 11.31 1.88 147.80 0.000 
1164 73.41 23.31 17.01 2.19 158.50 1.587 
1165 83.65 23.75 13.84 0.53 131.50 0.340 
1166 77.52 22.56 17.87 0.81 170.23 0.000 
1167 89.02 23.40 10.66 15.13 140.63 0.725 
1168 65.65 27.96 29.46 0.52 168.63 0.000 
59.86 
90.63 
86.06 
78.85 
78.85 
80.05 
88.94 
90.38 
90.38 
85.34 
87.98 
90.14 
88.46 
83.17 
84.62 
93.03 
88.22 
77.16 
86.78 
88.70 
81 .73 
90.63 
87.74 
88.22 
89 .66  
70.43 
86.30 
92.31 
90.87 
91.83 
90.87 
81 .25 
86.30 
90.38 
80.29 
89.90 
90.63 
80.05 
87.74 
89.18 
86.30 
56.97 
Table A3, (continued) 
Entry YIELD MOIST STKLDG RTLDG RPULL DRPEARS STAND 
q/ha 0/ kg 0/ /u /o 
1169 81.05 23.64 20.81 0.26 154.25 0.327 90.14 
1170 75.67 25.78 8.02 0.96 173.63 0.000 63.94 
1171 80.73 22.61 13.22 1.70 171.23 0.000 77.64 
1172 82.58 23.41 8.87 5.33 137.25 0.000 86.78 
1173 78.42 21 .99 16.07 8.63 171.10 0.000 91.11 
1174 82.97 22.54 15.65 0.54 161.63 0.743 86.78 
1175 77.71 22.83 16.80 8.93 152.38 0.000 89.42 
1176 94.75 24.04 15.28 5.56 169.25 0.709 85.82 
1177 85.73 25.31 11.39 3.29 183.58 0.340 82.93 
1178 91.30 25.36 18.13 1.47 158.80 0.680 84.38 
1179 88.22 22.90 24.92 4.82 162.13 0.000 87.98 
1180 84.92 25.08 20.34 1.45 155.38 0.000 89.90 
1181 83.92 25.24 11.44 13.27 155.38 0.000 85.82 
1182 71.94 25.55 17.22 21.13 170.13 2.544 78.13 
1183 79.58 22.51 12.40 2.65 174.75 0.000 77.40 
1184 83.79 22.35 20.62 6.81 173.38 0.980 87.02 
1185 80.05 22.15 25.62 7.10 155.88 0.767 89.42 
1186 79.88 24.80 21.44 4.14 168.35 1.014 93.27 
1187 78.37 23.00 19.97 2.83 170.90 0.397 79.81 
1188 73.30 24.95 18.19 22.40 134.63 1.514 72.36 
1189 76.34 21 .13 24.68 6.24 177.63 2.090 90.63 
1190 84.16 23.73 22.92 2.62 176.28 0.000 83.17 
1191 83.54 23.45 7.41 5.31 168.33 0.000 56.49 
1192 72.29 21 .90 25.16 2.74 176.38 1.130 84.86 
1193 81.96 22.61 14.35 16.50 158.25 1.500 87.74 
1194 84.58 22.75 21 .70 4.64 172.38 0.000 88.22 
1195 82.16 23.18 27.67 9.29 158.83 1.128 85.34 
1196 89.84 23.56 17.45 5.09 153.50 0.370 82.69 
1197 75.69 22.76 13.55 2.46 147.05 0.000 91.11 
1198 73.87 23.53 28.04 4.49 161.55 1.587 80.77 
1199 96.19 24.76 14.69 6.80 190.38 0.813 79.81 
1200 88.39 23.11 23.61 5.39 148.88 0.333 84.38 
L.S.D. 
(.05) 9.62 1 .54 9.82 7.39 27.30 1.49 9.08 
Mean 81.02 23.19 18.78 6.28 158.08 0.52 84.88 
215 
Table A4. Entry means (combined over four locations) for yield and 
agronomic traits of 200 testcrosses of randomly selected 
Sg lines from Lancaster Composite 
Entry YIELD MOIST STKLDG RTLDG RPULL DRPEARS STAND 
q/ha 0/ kg 0/ h h 
2001 69.99 22.43 9.33 12.69 121.40 0.000 82.45 
2002 93.98 21.28 14.40 2.13 150.48 0.000 88.46 
2003 84.23 21.86 17.94 3.90 156.00 0.347 82.69 
2004 81.25 22.65 24.59 9.81 139.95 2.453 85.58 
2005 79.55 21 .80 22.68 2.92 131.63 0.725 79.33 
2006 90.25 24.51 15.02 13.54 168.25 0.000 89.90 
2007 80.15 23.39 9.23 2.10 170.08 0.347 89.18 
2008 81.54 23.55 22.13 1 .86 174.30 0.388 88.46 
2009 92.60 22.35 19.52 1.60 163.78 0.340 83.17 
2010 73.81 20.81 13.26 1 .93 137.83 0.689 87.50 
2011 86.57 25.51 32.93 9.71 135.20 0.000 86.78 
2012 81 .48 25.51 14.33 27.07 151.43 2.175 85.58 
2013 82.84 23.71 15.84 15.43 155.83 0.000 81.49 
2014 82.18 23.58 13.03 0.54 164.50 0.000 82.69 
2015 82.60 22.98 15.03 18.65 150.13 1.361 88.46 
2016 87.40 23.35 25.20 12.88 144.33 0.000 80.77 
2017 77.63 20.76 19.34 0.51 153.73 0.000 87.26 
2018 78.22 24.15 14.12 5.30 137.38 1.458 76.44 
2019 76.73 20.96 32.71 7.84 182.00 0.000 89.66 
2020 76.37 23.95 6.62 1.16 175.38 0.340 83.65 
2021 87.54 25.61 28.15 3.41 178.10 0.696 88.46 
2022 86.27 23.35 8.62 10.50 141.78 0.327 88.70 
2023 88.00 24.10 8.47 3.10 162.58 0.667 86.54 
2024 65.93 22.19 35.04 10.73 152.88 0.000 81 .73 
2025 84.45 20.89 13.31 4.70 152.48 0.321 89.42 
2026 79.28 20.59 16.72 3.54 165.88 1 .051 90.63 
2027 86.80 23.18 26.93 2.38 181 .18 0.340 88.22 
2028 85.10 25.94 18.33 4.86 145.33 0.695 90.87 
2029 79.49 21 .81 29.12 11.27 155.35 0.362 79.81 
2030 74.03 22.66 24.89 0.79 151.63 1.687 89.42 
2031 76.67 21 .60 29.22 5.22 166.08 1 .121 83.41 
2032 90.25 24.51 23.36 1.35 142.95 1 .333 91.11 
2033 69.25 20.34 25.64 11.46 132.88 0.327 89.42 
2034 76.63 21.86 36.89 3.59 162.73 0.000 87.74 
2035 90.60 23.25 11.76 8.49 168.35 1 .027 91.35 
2036 84.24 21 .71 19.96 3.07 157.63 0.000 81 .01 
2037 73.08 21.36 15.72 2.08 157.55 0.654 90.38 
2038 68.98 22.11 22.75 4.39 163.33 0.000 85.82 
2039 83.23 22.56 20.11 20.62 137.00 0.000 89.66 
2040 69.87 21 .93 32.63 14.42 123.63 0.388 77.88 
2041 74.72 23.04 28.76 1.19 172.98 0.379 83.41 
2042 82.22 21.96 7.43 8.83 161.53 0.751 84.13 
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Table A4, (continued) 
Entry YIELD MOIST STKLDG RTLDG RPULL DRPEARS STAND 
q/ha 0/ kg 0/ /w 
2043 76.14 23.04 18.64 5.44 158.50 0.327 89.90 
2044 83.51 23.04 39.97 6.13 142.70 0.000 89.90 
2045 81.39 23.58 22.88 3.33 138.98 1.000 95.43 
2046 85.24 21.96 8.72 6.16 152.23 0.000 86.54 
2047 91.60 23.28 12.81 9.33 131.25 0.000 93.75 
2048 73.01 23.04 24.23 5.73 174.55 1 .081 89.18 
2049 81.70 22.64 27.07 1.98 153.58 0.000 83.65 
2050 96.92 20.96 24.60 3.11 222.33 0.000 88.70 
2051 88.71 23.90 24.90 11.17 153.00 1.021 92.07 
2052 80.62 23.09 16.51 3.68 163.25 1.009 92.31 
2053 87.90 23.33 14.82 6.33 163.28 0.347 88.70 
2054 83.41 22.25 36.56 9.67 133.23 0.000 87.02 
2055 85.53 20.88 18.68 5.44 161.13 0.000 87.02 
2056 85.53 23.14 11 .06 3.08 161.00 0.000 93.75 
2057 92.57 23.15 14.75 2.33 158.75 0.000 78.13 
2058 88.16 23.16 11.64 3.85 153.53 0.321 92.55 
2059 86.80 24.56 19.22 5.26 206.00 0.355 88.70 
2060 84.29 23.09 36.00 11.36 180.95 0.000 77.16 
2061 77.11 21.91 23.95 13.15 171.90 0.695 88.46 
2062 76.38 22.43 21.76 8.32 159.88 0.694 88.70 
2063 85.33 23.96 23.56 4.36 153.75 0.333 86.78 
2064 76.72 23.86 26.89 3.24 176.75 0.000 88.70 
2065 84.11 24.38 9.33 2.31 143.85 0.000 89.66 
2066 86.01 22.98 20.23 2.30 162.75 1.333 93.27 
2067 87.71 23.80 13.79 4.47 162.25 1 .752 87.74 
2068 80.71 23.54 16.44 2.64 157.25 1.000 90.63 
2069 80.68 22.95 31.14 4.66 149.50 0.370 90.63 
2070 82.00 22.95 20.93 6.32 144.83 0.000 85.82 
2071 76.94 23.39 16.71 7.63 177.60 0.340 85.58 
2072 84.73 25.94 9.09 17.07 144.70 0.709 90.38 
2073 80.91 23.09 15.22 6.94 150.18 0.710 89.66 
2074 81 .61 23.71 8.56 18.28 152.38 0.000 85.34 
2075 90.40 24.50 19.25 0.26 177.70 0.000 92.31 
2076 82.30 22.90 10.84 9.91 137.08 0.000 84.13 
2077 97.14 23.53 9.57 6.96 155.38 0.667 93.51 
2078 78.97 25.60 15.72 2.45 158.98 1.736 88.94 
2079 77.54 24.28 19.86 5.63 163.13 0.000 81.97 
2080 81.31 25.15 19.14 4.99 149.38 0.327 91.35 
2081 78.51 22.51 23.36 2.29 146.05 0.000 92.79 
2082 84.13 22.98 15.66 1.64 157.25 0.000 88.46 
2083 71.19 20.60 38.81 8.52 133.50 0.000 90.87 
2084 70.14 22.21 25.84 8.80 139.98 0.362 84.62 
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Table A4, (continued) 
Entry YIELD MOIST STKLDG RTLDG RPULL DRPEARS STAND 
q/ha 7o kg 
2085 71.68 24.03 35.54 11.94 136.13 0.347 
2086 73.11 23.95 31.30 23.02 149.05 0.370 
2087 84.01 24.91 22.65 6.27 148.68 0.667 
2088 82.28 22.55 19.66 14.37 155.60 1.016 
2089 84.47 21.35 25.49 3.76 182.00 0.340 
2090 76.64 21 .96 18.08 3.31 145.38 0.370 
2091 83.90 24.56 22.50 6.24 160.00 0.000 
2092 81.82 20.96 30.80 14.67 155.30 0.000 
2093 78.93 21 .84 24.62 6.18 175.48 2.410 
2094 78.92 23.90 29.47 13.98 145.88 0.397 
2095 74.83 22.86 12.03 8.57 156.50 0.000 
2096 83.98 23.76 18.78 0.75 168.28 1.152 
2097 74.66 22.88 29.78 2.69 173.65 0.717 
2098 69.86 22.00 34.29 4.62 143.23 0.347 
2099 71.72 21 .78 29.84 6.64 150.13 1.035 
2100 76.13 23.04 21 .47 5.31 155.58 0.362 
2101 83.25 24.83 . 28.96 13.79 166.25 0.000 
2102 82.55 25.48 24.45 6.64 156.00 2.152 
2103 89.77 25.01 24.28 13.88 171.83 2.482 
2104 83.14 20.39 13.62 2.43 159.88 0.000 
2105 75.98 22.01 19.03 4.74 143.70 0.000 
2106 90.87 23.98 16.57 3.01 173.75 0.000 
2107 83.59 23.08 16.61 4.60 155.38 0.000 
2108 83.77 26.56 24.13 19.40 161.63 0.000 
2109 64.63 20.86 33.18 7.57 157.63 0.681 
2110 88.92 22.84 20.83 4.51 200.50 0.370 
2111 73.41 19.00 24.34 3.56 158.28 0.355 
2112 65.13 19.83 30.98 0.77 152.73 1 .042 
2113 86.17 23.21 20.35 2.49' 146.73 0.000 
2114 78.46 22.88 14.67 6.20 160.75 0.000 
2115 76.42 23.15 24.32 7.85 120.00 0.333 
2116 76.57 21.86 31.50 8.40 158.63 0.000 
2117 76.71 23.26 35.56 9.75 160.83 0.000 
2118 80.19 21 .65 28.89 12.23 152.90 0.388 
2119 90.28 23.13 8.73 5.94 163.00 0.000 
2120 74.61 20.95 11.92 10.20 183.75 0.379 
2121 81.66 23.14 20.96 3.34 159.75 0.691 
2122 84.29 25.63 10.97 4.09 172.33 0.680 
2123 82.77 23.96 5.03 2.23 161.83 0.347 
2124 79.11 21.01 15.47 1.58 142.70 0.347 
2125 73.89 22.54 22.75 3.06 195.23 1 .491 
2126 88.86 22.18 13.88 17.32 154.18 0.726 
87.98 
82.69 
90.63 
87.50 
91.59 
82.93 
92.55 
89 .66  
91.11 
86.06 
82.45 
88.22 
82.69 
89.18 
86.78 
89.42 
86.06 
83.65 
91.59 
83.17 
88.46 
88.94 
85.82 
92.79 
91 .11 
88.70 
87.98 
90.38 
86.78 
83.65 
86.78 
88.46 
86.54 
81.25 
88.46 
75.00 
88.94 
84.62 
88.70 
81.97 
80.53 
81 .97 
218 
Table A4, (continued) 
Entry YIELD MOIST STKLDG RTLDG RPULL DRPEARS STAND 
q/ha 7o kg 
2127 85.39 23.86 28.76 5.07 154.23 1.000 
2128 79.05 20.66 23.26 4.44 153.53 0.000 
2129 83.93 23.13 15.70 0.78 127.65 0.654 
2130 80.62 22.90 31.46 2.64 165.73 1.042 
2131 73.85 22.41 31.00 1.36 152.15 0.000 
2132 73.36 19.75 20.55 12.32 130.78 0.362 
2133 84.84 23.65 11.20 3.00 158.23 1.087 
2134 84.92 22.74 7.76 2.92 146.75 0.397 
2135 81.07 21 .26 8.72 24.20 171.00 2.982 
2136 86.45 23.36 12.67 2.73 187.85 0.355 
2137 72.21 19.36 15.44 0.35 168.63 0.000 
2138 82.02 22.28 17.05 7.85 187.10 0.000 
2139 67.94 21.93 12.49 1 .92 173.70 0.000 
2140 86.35 22.65 28.78 0.00 186.48 0.000 
2141 77.84 22.24 21.74 2.88 138.00 1.072 
2142 89.27 23.15 18.13 3.19 185.75 2.129 
2143 79.33 19.84 28.87 3.06 181.58 0.000 
2144 84.24 23.59 22.75 1.34 180.15 1.609 
2145 68.15 21.75 25.36 4.18 162.63 0.680 
2146 77.68 21.69 12.80 5.07 159.13 0.695 
2147 79.24 23.03 22.22 8.89 133.75 0.000 
2148 82.93 21 .58 42.15 2.69 175.50 0.340 
2149 78.61 23.35 33.81 8.81 181.63 0.000 
2150 70.82 21.26 25.25 0.25 156.73 1.111 
2151 83.04 25.00 17.55 18.40 144.95 1.766 
2152 63.63 22.16 38.51 7.32 145.50 0.000 
2153 71.51 21.05 42.38 4.77 147.15 0.000 
2154 82.33 24.49 24.95 14.56 156.65 1.449 
2155 82.94 24.15 12.18 8.86 162.33 0.388 
2156 92.87 25.10 22.67 3.18 153.63 0.718 
2157 80.27 20.63 26.12 4.89 180.45 0.000 
2158 74.96 23.24 23.07 3.50 156.58 0.000 
2159 86.00 22.94 32.68 11 .95 150.03 0.347 
2160 83.71 21 .43 29.80 6.92 141 ..13 0.680 
2161 77.18 22.26 19.98 2.24 158.68 0.340 
2162 82.41 23.46 17.61 11.05 164.63 0.347 
2163 83.23 22.01 20.97 5.93 160.45 0.000 
2164 80.90 25.41 17.94 11.69 158.45 0.680 
2165 83.40 24.23 10.66 2.80 174.80 0.673 
2166 79.55 21 .83 22.28 9.48 162.75 1.050 
2167 86.01 23.79 20.38 1.63 169.13 0.000 
2168 82.25 23.46 14.94 1 .90 169.58 0.000 
88.94 
88.22 
91.83 
86.06 
92.31 
90.14 
87.98 
89.42 
87.74 
91 .83 
83.17 
79.09 
58.89 
87.50 
89.90 
92.07 
86.30 
89.18 
91.35 
83.89 
82.21 
87.74 
89.66 
88.22 
89.90 
84.62 
90.14 
89 .66  
85.34 
90.63 
87.98 
80.05 
92.07 
89.90 
87.02  
87 .26  
88.22 
80.77 
91 .11 
89.18 
87.74 
87.50 
Table A4, (continued) 
Entry YIELD MOIST STKLDG RTLDG RPULL DRPEARS STAND 
q/ha 0/ kg 0/ l" /o 
2169 90.60 22.73 13.48 2.54 149.88 1.397 84.86 
2170 81.90 25.36 20.21 3.53 170.25 0.000 84.86 
2171 88.47 23.34 14.04 9.82 150.95 0.000 90.14 
2172 85.45 22.71 20.41 6.51 183.85 0.000 80.77 
2173 70.19 20.06 22.59 1 .28 164.40 0.709 83.41 
2174 86.92 23.71 16.53 3.49 147.53 0.000 92.31 
2175 88.92 24.93 3.36 2.16 154.88 0.355 85.10 
2176 83.68 21.89 13.68 1.71 166.33 0.355 86.30 
2177 77.55 21.86 17.14 15.86 151.08 0.000 87.74 
2178 88.63 23.93 23.77 0.91 203.28 1.078 82.21 
2179 83.59 21.25 12.87 7.91 166.28 0.000 82.93 
2180 76.32 23.86 25.44 9.93 151.13 0.758 71.63 
2181 71.67 21.18 24.64 1.95 143.43 0.000 86.54 
2182 55.83 21 .58 39.23 6.77 137.63 0.000 86.30 
2183 80.32 22.54 10.14 3.43 188.55 0.725 82.69 
2184 87.66 24.08 24.15 16.42 133.63 0.347 92.31 
2185 81.67 24.86 14.16 13.14 153.85 0.000 90.63 
2186 75.24 23.75 25.09 7.72 167.98 0.000 85.58 
2187 86.25 21.93 10.83 5.56 164.88 0.333 85.58 
2188 80.70 23.16 21.92 2.87 169.25 0.000 87.02 
2189 87.20 26.83 16.64 12.75 148.95 3.139 83.41 
2190 96.66 25.46 16.35 12.47 151.00 0.000 83.65 
2191 66.22 22.80 9.80 5.22 148.63 0.996 92.07 
2192 77.56 24.41 25.08 10.08 177.25 0.000 88.22 
2193 84.31 23.19 17.07 5.74 144.25 0.000 88.46 
2194 85.79 21.36 12.95 2.29 179.88 0.000 71.63 
2195 85.78 22.76 18.84 3.59 181.95 0.379 81.01 
2196 71.73 22.46 15.53 5.63 163.38 0.000 88.22 
2197 92.46 22.11 25.81 8.19 171.23 0.370 87.50 
2198 82.02 22.81 9.21 0.27 155.58 0.000 90.14 
2199 77.83 22.33 32.36 4.07 158.13 0.362 78.61 
2200 84.81 24.56 11.13 5.79 145.20 0.333 93.99 
L.S.D. 
(.05) 9.62 1.54 9.82 7.39 27.30 1.49 9.08 
Mean CD
 
O
 
ro
 
22.89 20.73 6.50 158.71 0.48 86.88 
Table A5. Genetic covariance components, calculated from combined analyses of covariance, among 
traits of lines (above diagonal) and plant testcrosses (below diagonal) 
Selection 
Trait type YIELD MOIST STKLDG RTLDG RPULL 
YIELD 
MOIST 
STKLDG 
RTLDG 
VS 3.45 0.84 7.71 55.46 
RS 5.51 -7.72 -0.66 57.04 
VS 2.05 -8.78 2.79 16.48 
RS 4.03 -10.62 1.45 27.41 
VS -10.29 -2.35 -3.23 -37.84 
RS -10.89 -1.89 -3.53 -37.14 
VS 1.18 1.54 0.49 -48.26 
RS 2.42 1.52 3.03 -40.12 
npHTT VS 7.96 0.85 9.28 -27.32 
RS 15.32 1.65 -3.09 -26.25 
Table 
Entry 
2026 
1072 
1012 
2006 
1043 
1049 
2059 
2106 
2200 
1013 
1015 
2007 
1183 
1062 
1024 
2103 
2075 
2142 
1004 
1061 
1006 
1068 
2126 
2117 
1124 
Fifty entries selected by Smith-Hazel S^ selection index, and their corresponding ranks 
in Smith-Hazel testcross (TO and S^-testcross (S^-TC) indices 
Sg rank TC rank S^-TC rank Entry S^ rank TC rank S^-TC rank 
1 191 1 1001 26 23 17 
2 127 2 1191 27 62 18 
3 59 3 2193 28 156 30 
4 104 4 1151 29 167 37 
5 109 6 1105 30 162 35 
6 118 8 1145 31 235 81 
7 43 7 2062 32 318 82 
8 18 5 1170 33 98 29 
9 91 10 2004 34 314 80 
10 47 11 1142 35 146 36 
11 287 22 1064 36 19 19 
12 76 12 1020 37 56 45 
13 115 16 1185 38 286 84 
14 190 25 2161 39 224 76 
15 176 23 2194 40 40 21 
16 170 39 2010 41 261 59 
17 11 13 1120 42 371 159 
18 29 15 2192 43 306 116 
19 3 9 1121 44 227 73 
20 17 14 2035 45 35 20 
21 219 41 1080 46 114 33 
22 181 31 2032 47 64 48 
23 195 24 1104 48 220 85 
24 370 109 1076 49 49 28 
25 204 26 2091 50 174 64 
Table 
Entry 
1199 
2050 
1004 
2077 
2175 
1042 
1065 
1176 
2057 
2002 
2075 
1155 
1126 
2023 
1178 
1150 
1051 
2106 
1054 
2119 
2009 
1177 
1001 
1038 
2136 
Fifty entries selected by Smith-Hazel testcross (TO selection index, and their corre­
sponding ranks in Smith-Hazel and S^-testcross (S^-TC) indices 
TC rank rank S^-TC rank Entry TC rank S^ rank S^-TC rank 
1 94 38 2169 26 164 75 
2 79 32 2178 27 212 149 
3 19 9 1138 28 207 129 
4 245 112 2142 29 18 15 
5 278 164 2156 30 225 155 
6 255 168 2123 31 193 105 
7 206 103 1083 32 52 42 
8 351 242 1059 33 181 111 
9 132 54 2190 34 163 93 
10 264 140 2035 35 45 20 
11 17 13 2058 36 98 56 
12 186 117 1149 37 103 44 
13 234 119 1139 38 274 222 
14 76 46 2110 39 190 133 
15 155 108 2194 40 40 21 
15 142 77 1075 41 96 58 
17 20 14 2122 42 50 43 
18 8 5 2059 43 7 7 
19 36 19 1011 44 53 34 
20 69 27 2165 45 215 153 
21 309 190 2067 46 175 122 
22 185 126 1013 47 10 11 
23 26 17 2056 48 115 71 
24 285 235 1076 49 49 28 
25 213 131 2134 50 119 51 
Table 
Entry 
2026 
1072 
1012 
2006 
2106 
1043 
2059 
1049 
1004 
2200 
1013 
2007 
2075 
1061 
2142 
1183 
1001 
1191 
1064 
2035 
2194 
1015 
1024 
2126 
1062 
Fifty entries selected by Smith-Hazel S^-testcross (S^-TC) index, and their corresponding 
ranks in Smith-Hazel S^ and testcross (TC) indices 
Sg-TC rank S^ rank TC rank Entry S^-TC rank 3^ rank TC rank 
1 1 191 1124 26 25 204 
2 2 127 2119 27 69 20 
3 3 59 1076 28 49 49 
4 4 104 1170 29 33 98 
5 8 18 2193 30 28 156 
6 5 109 1068 31 22 181 
7 7 43 2050 32 79 2 
8 6 118 1080 33 46 114 
9 19 3 1011 34 53 44 
10 9 91 1105 35 30 162 
11 10 47 1142 36 35 146 
12 12 76 1151 37 29 167 
13 17 11 1199 38 94 1 
14 20 17 2103 39 16 170 
15 18 29 2187 40 56 67 
16 13 115 1006 41 21 219 
17 26 23 1083 42 52 32 
18 27 62 2122 43 60 42 
19 36 19 1149 44 103 37 
20 45 35 1020 45 37 56 
21 40 40 2023 46 76 14 
22 11 287 2053 47 64 69 
23 15 176 2032 48 47 64 
24 23 195 1115 49 59 84 
25 14 190 2174 50 51 81 
Table 
Entry 
1149 
1043 
2010 
1124 
2007 
1080 
2035 
1045 
2037 
1004 
1191 
1011 
2105 
2106 
2020 
1142 
2071 
2026 
2036 
1190 
1105 
1160 
2194 
2097 
2133 
Fifty entries selected by rank summation index, and their corresponding ranks in 
testcross (TC) and S^-testcross (Sg-TC) rank summation indices 
Sg rank TC rank S^-TC rank Entry rank TC rank S^-TC rank 
1 14 3 1049 26 167 74 
2 91 13 1062 27 169 76 
3 129 24 1068 28 58 23 
4 65 10 2091 29 296 138 
5 42 8 2142 30 21 12 
6 116 26 2096 31 86 35 
7 59 11 2119 32 34 17 
8 33 7 1153 33 96 41 
9 103 27 1121 34 257 124 
10 3 1 1200 35 230 112 
11 75 20 1041 36 134 68 
12 15 5 1072 37 202 99 
13 274 108 1001 38 5 6 
14 44 14 1006 39 348 179 
15 56 18 2006 40 175 90 
16 154 55 2075 41 35 21 
17 206 80 1052 42 127 64 
18 55 19 2169 43 39 25 
19 76 22 1013 44 70 42 
20 119 44 2031 45 220 122 
21 248 103 1036 46 98 54 
22 20 9 2123 47 62 40 
23 2 2 1021 48 121 69 
24 209 91 1103 49 162 93 
25 80 30 1100 50 117 70 
Table 
Entry 
1126 
2194 
1004 
1046 
1001 
2050 
1138 
2176 
2002 
2136 
2009 
2104 
1156 
1149 
1011 
2183 
1059 
2187 
1042 
1160 
2142 
1171 
1083 
1035 
1065 
Fifty entries selected by testcross (TO rank summation index, and their corresponding 
ranks in and S^-testcross (S^-TC) rank summation indices 
TC rank rank S^-TC rank Entry TC rank rank S^-TC rank 
1 70 4 1096 26 204 83 
2 23 2 1183 27 64 29 
3 10 1 2057 28 113 49 
4 190 33 2137 29 264 114 
5 38 6 2140 30 147 63 
6 78 15 1174 31 74 37 
7 136 31 2198 32 131 58 
8 188 53 1045 33 8 7 
9 121 32 2119 34 32 17 
10 96 28 2075 35 40 21 
11 133 43 2056 36 109 57 
12 55 16 2195 37 227 104 
13 112 37 2110 38 129 66 
14 1 3 2169 39 43 25 
15 12 5 1157 40 62 37 
16 197 73 2139 41 71 45 
17 176 65 2007 42 5 8 
18 94 36 2023 43 212 105 
19 231 89 2106 44 14 14 
20 21 9 2178 45 134 77 
21 30 12 2089 46 272 145 
22 246 97 2179 47 382 220 
23 82 33 1177 48' 104 60 
24 123 50 1114 49 79 52 
25 106 46 2165 50 199 106 
Table All. Fifty entries selected by S^-testcross (S^-TC) rank summation index, and their corre­
sponding ranks in and testcross (TC) rank summation indices 
Entry Sg-TC rank Sg rank TC rank Entry S^-TC rank Sg rank TC rank 
1004 1 10 3 1080 26 6 116 
2194 2 23 2 2037 27 9 103 
1149 3 1 14 2136 28 96 10 
1126 4 70 1 1183 29 64 27 
1011 5 12 15 2133 30 25 80 
1001 6 38 5 1138 31 136 7 
1045 7 8 33 2002 32 121 9 
2007 8 5 42 1046 33 190 4 
1160 9 21 20 1083 34 82 23 
1124 10 4 65 2096 35 31 86 
2035 11 7 59 2187 36 94 18 
2142 12 30 21 1156 37 112 13 
1043 13 2 91 1157 38 74 31 
2106 14 14 44 1174 39 62 40 
2050 15 78 6 2123 40 47 62 
2104 16 55 12 1153 41 33 96 
2119 17 32 34 1013 42 44 70 
2020 18 15 56 2009 43 133 11 
2026 19 18 55 1190 44 20 119 
1191 20 11 75 2139 45 71 41 
2075 21 40 35 1065 46 106 25 
2036 22 19 76 2055 47 53 69 
1068 23 28 58 1094 48 56 61 
2010 24 3 129 2057 49 113 28 
2169 25 43 39 1035 50 123 24 
Table A12. Fifty lines with superior YIELD and their corresponding ranks as testcrosses (TO, and 
50 testcrosses with superior YIELD and their corresponding ranks as lines 
Superior S 2 lines Superior testcrosses 
^2 TC ^2 TC TC ^2 TC ^2 
Entry rank rank Entry rank rank Entry rank rank Entry rank rank 
1072 1 205 2181 26 364 2077 1 345 1050 26 186 
2026 2 254 2062 27 305 2050 2 115 1027 27 205 
1012 3 16 2087 28 140 2190 3 212 2075 28 39 
1145 4 203 1105 29 72 1199 4 122 2119 29 126 
1015 5 78 1068 30 293 1004 5 17 2006 30 6 
2006 6 30 1122 31 248 1176 6 380 2032 31 71 
1049 7 117 2117 32 297 2002 7 340 1110 32 400 
2106 8 22 1184 33 147 1139 8 228 1196 33 232 
1013 9 120 1024 34 100 1020 9 14 2103 34 11 
2200 10 118 1001 35 75 2156 10 249 1138 35 163 
2103 11 34 1185 36 239 1057 11 191 1038 36 261 
2004 12 216 1092 37 23 2009 12 387 1114 37 142 
2126 13 49 1091 38 335 2057 13 172 1150 38 187 
1020 14 9 2075 39 28 2197 14 61 2142 39 21 
1183 15 243 2051 40 50 1083 15 42 1151 40 18 
2007 16 237 1121 41 252 1012 16 3 1076 41 82 
1004 17 5 1083 42 15 1042 17 348 1037 42 399 
1151 18 40 1055 43 356 2047 18 131 1084 43 54 
2193 19 126 2090 44 300 1064 19 86 1167 44 97 
1062 20 286 2195 45 99 1178 20 161 1059 45 234 
2142 21 39 1056 46 129 1061 21 22 2175 46 366 
1061 22 21 2147 47 256 2106 22 8 1053 47 77 
1043 23 202 1124 48 287 1092 23 37 2110 48 230 
2174 24 81 1006 49 249 2169 24 224 2126 49 13 
2059 25 84 2111 50 342 2035 25 152 2051 50 40 
Table Al3. Fifty lines with lowest MOIST and their corresponding ranks as testcrosses (TO, and 
50 testcrosses with lowest MOIST and their corresponding ranks as lines 
Superior S^ lines Superior testcrosses 
^2 TC ^2 TC TC ^2 TC ^2 
Entry rank rank Entry rank rank Entry rank rank Entry rank rank 
2138 1 115 1036 26 12 2111 1 47 2010 26 63 
2148 2 61 2046 27 88 2137 2 254 2109 27 42 
2017 3 22 1004 28 93 1136 3 77 2055 28 221 
2143 4 6 2054 29 112 2132 4 16 2025 29 49 
1171 5 148 1016 30 155 2112 5 91 1148 30 38 
2097 6 173 2105 31 96 2143 6 4 2120 31 121 
1124 7 44 2131 32 126 1021 7 119 2050 32 105 
1161 8 63 2048 33 195 . 2173 8 11 2092 33 56 
2150 9 47 1045 34 56 1060 9 12 2019 34 249 
1114 10 20 2176 35 78 1153 10 50 2124 35 24 
2173 11 8 1069 36 15 2033 11 85 1041 36 94 
1060 12 9 2003 37 75 1036 12 26 2153 37 157 
2104 13 14 1148 38 30 1091 13 257 1189 38 54 
2163 14 97 2005 39 70 2104 14 13 1132 39 187 
1085 15 145 2177 40 74 1069 15 36 2181 40 134 
2132 16 4 2084 41 109 2026 16 390 1126 41 57 
2135 17 46 2109 42 27 2083 17 241 1050 42 335 
2128 18 19 2088 43 139 2157 18 45 1133 43 80 
2126 19 105 1166 44 141 2128 19 18 1124 44 7 
2188 20 215 2157 45 18 1114 20 10 2179 45 75 
1087 21 23 2171 46 234 1030 21 74 2135 46 17 
1149 22 183 2111 47 1 2017 22 3 2150 47 9 
2169 23 158 2001 48 127 1087 23 21 2002 48 141 
2124 24 35 2025 49 29 1098 24 79 2089 49 137 
1165 25 282 1153 50 10 1103 25 115 2194 50 113 
Table Al4. Fifty lines with lowest STKLDG and their corresponding ranks as testcrosses (TC), and 
50 testcrosses with lowest STKLDG and their corresponding ranks as lines 
Superior S 2 lines Superior testcrosses 
S^ TC S^ TC TC S^ TC So 2 2 2 2 
Entry rank rank Entry rank rank Entry rank rank Entry rank rank 
2036 1 224 1025 26 88 2175 1 200 2077 26 4 
2055 2 199 2058 27 54 2123 2 12 1002 27 33 
2185 3 101 2010 28 82 1029 3 234 2191 28 125 
2077 4 26 1080 29 46 2020 4 47 1150 29 147 
1160 5 123 2095 30 60 1191 5 52 1085 30 56 
1006 6 174 1042 31 152 1123 6 11 2183 31 294 
2035 7 55 1149 32 99 2042 7 51 1142 32 107 
1110 8 245 1002 33 27 1065 8 312 1075 33 207 
1028 9 72 1047 34 71 2134 9 165 1099 34 92 
2065 10 23 2200 35 45 1170 10 82 2165 35 38 
1123 11 6 1023 36 40 2023 11 156 1167 36 53 
2123 12 2 2057 37 114 2074 12 15 2187 37 188 
1033 13 68 2165 38 35 2022 13 24 2076 38 57 
1037 14 335 2007 39 20 2046 14 162 1127 39 256 
2074 15 12 2108 40 295 2135 15 217 1023 40 36 
2105 16 204 2146 41 73 2119 16 81 1134 41 241 
1196 17 176 1015 42 108 1172 17 284 2122 42 68 
1095 18 140 1045 43 52 2072 18 79 2056 43 182 
1181 19 51 2102 44 301 2198 19 187 1001 44 67 
1177 20 49 1119 45 113 2007 20 39 2200 45 35 
2070 21 241 1157 46 24 1126 21 78 1080 46 29 
1076 22 53 2020 47 4 2001 22 186 2133 47 111 
1064 23 81 2012 48 103 2065 23 10 1163 48 337 
2022 24 13 1115 49 25 1157 24 46 1177 49 20 
2190 25 150 1199 50 112 1115 25 49 1056 50 154 
Table Al5. Fifty lines with superior RPULL and their corresponding ranks as testcrosses (TO, anu 
50 testcrosses with superior RPULL and their corresponding ranks as lines 
Superior lines Superior testcrosses 
^2 TC ^2 TC TC ^2 TC ^2 
Entry rank rank Entry rank rank Entry rank rank Entry rank rank 
2026 1 123 1125 26 180 2050 1 27 2089 26 234 
2031 2 122 2050 27 1 2059 2 4 2019 27 110 
1050 3 177 2075 28 43 2178 3 90 2195 28 352 
2059 4 2 1080 29 283 2110 4 149 1159 29 332 
1043 5 24 1124 30 90 1035 5 142 2149 30 99 
1170 6 69 2158 31 214 1126 6 139 2143 31 75 
1103 7 331 2061 32 80 2125 7 124 2027 32 72 
2117 8 166 1024 33 79 1046 8 111 2060 33 48 
2036 9 200 2074 34 260 1147 9 243 1158 34 211 
1115 10 339 1112 35 116 1156 10 59 1160 35 45 
1189 11 44 2035 36 105 1100 11 136 2157 36 119 
1123 12 134 1022 37 304 1199 12 184 2144 37 112 
1183 13 61 2029 38 232 2183 13 192 2194 38 189 
2136 14 14 1099 39 387 2136 14 14 1010 39 140 
1025 15 98 1121 40 135 2138 15 224 2021 40 100 
2037 16 201 2006 41 109 2140 16 128 1013 41 151 
2068 17 206 2161 42 184 1114 17 103 1002 42 61 
1040 18 234 1072 43 292 2142 18 186 2075 43 28 
1066 19 132 1067 44 259 1102 19 187 1189 44 11 
1149 20 126 1160 45 35 1128 20 168 2071 45 79 
1012 21 350 1177 46 23 2172 21 390 1083 46 132 
1062 22 163 2097 47 68 2120 22 69 1078 47 354 
1107 23 110 2060 48 33 1177 23 46 2192 48 50 
1021 24 196 2064 49 49 1043 24 5 2064 49 49 
2123 25 155 2192 50 48 1157 25 126 1018 50 126 
